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Vor. XXXIV. 


The Monraty Wearuer Review is based on data from about 
3500 land stations and many ocean reports from vessels taking 
the international simultaneous observation at Greenwich 
noon. 

Special acknowledgment is made of the data furnished by the 
kindness of cooperative observers, and by Prof. R. F. Stupart, 
Director of the Meteorological Service of the Dominion of 
Canada; Sefior Manuel E. Pastrana, Director of the Central 
Meteorological and Magnetic Observatory of Mexico; Camilo 
A. Gonzales, Director-General of Mexican Telegraphs; Capt 
I. S. Kimball, General Superintendent of the United States 
Life-Saving Service; Commandant Francisco 8. Chaves, Direc- 
tor of the Meteorological Service of the Azores, Ponta Del- 
gada, St. Michaels, Azores; W. N. Shaw, Esq., Secretary, 
Meteorological Office, London; H. H. Cousins, Chemist, in 
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charge of the Jamaica Weather Office; Sefior Anastasio Alfaro, 
Director of the National Observatory, San José, Costa Rica; 
Rev. L. Gangoiti, Director of the Meteorological Observatory 
of Belen College, Havana, Cuba. 

As far as practicable the time of the seventy-fifth meridian, 
which is exactly five hours behind Greenwich time, is used in 
the text of the Monruty Wearuer Review. 

Barometric pressures, both at land stations and on ocean 
vessels, whether station pressures or sea-level pressures, are 
reduced, or assumed to be reduced, to standard gravity, as 
well as corrected for all instrumental peculiarities, so that they 
express pressure in the standard international system of meas- 
ures, namely, by the height of an equivalent column of mer- 
cury at 32° Fahrenheit, under the standard force, i. e., apparent 
gravity at sea level and latitude 45°. 


SPECIAL ARTICLES, NOTES, AND EXTRAOTS. 


THE INTERNATIONAL SYMBOLS. 
Dated Blue Hill Observatory, Hyde Park, Mass., 
May 8, 1906. 

In the excellent article by Mr. Miller, in the December, 1905, 
Weartuer Review, Vol. XX XIII, page 524, on the international 
definitions and symbols, he uses the expression “ Silver thaw ” 
as an equivalent of the symbol Vv. The expression “Silver 
thaw” is a meteorological term used in England, but not 
in the United States, and I did not know its exact meaning 
until I had occasion to look it up recently. In the English 
edition of the report of the Vienna Congress, where the sym- 
bols originated in 1874, the expression “ Silver thaw ’”’ is given 
as the equivalent of the German “ Rauhfrost ”’, indicated by 
thesymbol \/. “Glazed frost’ is given as the equivalent of the 
German “Glatteis” and indicated by the symbol OS. Mr. R. 
H. Scott, in his “ Elementary Meteorology ”, p. 115, 1887, gives 
“Silver thaw ” and “Glazed frost” as equivalent expressions, 
and defines them as follows: 

The frozen surface which is occasionally produced at the beginning of 
a thaw, if a warm wind suddenly sets in. The damp air, passing over 
the ground, of which the temperature is exceedingly low, has its mois- 
ture deposited in the solid form, and all objects on which this deposit 
takes place are covered with a sheet of ice. This phenomenon is inten- 
sified if a fall of rain occurs at the time. 

Wind blowing against cold objects does not produce a “ sheet 
of ice”; this is brought about by the second method suggested 
by Mr. Scott, namely, the falling of raindrops against objects 
cooled below the freezing point. Mr. William Marriott in his 
“Hints to Meteorological Observers ”, 1902, is more specific 
and defines “Silver thaw”, on page 59, as “ Rain falling when 
the air is below the freezing point and congealing when it 
falls”. I find also that Mossman and other English writers 
use “Silver thaw ” in this sense. It is evident from the above 
that “Silver thaw” is not the equivalent of the German “ Rauh- 
frost”. Doctor Hann defines “ Rauhfrost”’ as “a rich, frost- 
like, rough deposit of ice particles which forms over the irregu- 
larities of the earth’s surface, on edges, corners, and on the 
branches and twigs of trees. It is distinguished from frost 
by the conditions of its formation. Ordinary frost forms on 
clear nights like the dew, but “Rauhfrost”, however, in foggy 
weather; the latter is formed from the fine fluid fog particles 
which are cooled below the freezing point, and therefore turn 
to ice by contact with solid bodies. ° 
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By Mr. Henry Cayton, 


It seems evident, from these quotations, that the American 
term “ Frostwork ” is equivalent to the German “ Rauhfrost ’’, 
but that the English term “Silver thaw” is equivalent to the 
American term “Ice storm” and should be defined by the 
symbol G®. I write this to prevent, if possible, the expression 
“Silver thaw” coming into use as the equivalent of the terms 
“Frostwork ”, “ Rauhfrost”’, and “Givre”, and thus causing 
confusion in terminology and description. 


THE METEOROLOGICAL OPTICS OF PROF. J. M. PERNTER. 


By Prof. R. W. Woop. Dated Johns Hopkins University, Baltimore, Md., 
September 15, 1906. 


The subjects treated in this volume’ comprise the various 
types of halos, parhelia, rainbows, etc.; in fact the entire list 
of phenomena due to the reflection, refraction, and diffraction 
of light by clouds, snow crystals, and raindrops suspended in 
the air. It is doubtful if any type of halo with its accom- 
panying parhelia, and there is a large number of them, has 
ever been observed which is not explained in this very com- 
prehensive treatise. x 

The value of Doctor Pernter’s book is somewhat marred, in 
the writer’s opinion, by a very peculiar mistake which the 
author, in common with some other writers on this subject, 
makes almost at the outset. As is well known, a large num- 
ber of these optical phenomena can only be explained by 
assuming an orientation of the ice crystals or spiculw floating 
in the air. These may roughly be divided into two types, 
elongated hexagonal prisms or spiculz, fig. 2, and flattened 
hexagonal lamine, fig. 1, the form usually observed in the 
case of snowflakes. The author states, on page 318, that a 
body falling through a resisting medium (the air) orients 
itself in such a way that the resistance offered by the medium 
is a minimum, i. e., the long spicule stand vertically, while the 
flat plates take a position such that the diagonal of the hexa- 
gon points up and down, in other words, stand on end; whereas 
the true positions are perpendicular to these and are shown 
in figs. 1 and 2. It seems odd that such a mistake could have 
been made, since we have so many examples of the principle 
that a falling body takes the position of marimum resistance, 
mica flakes settling in water, falling leaves and pine needles, 
an unfeathered arrow, etc. It is evidently not a slip of 


Meteorologische Optik von J. M. Pernter. Theil III. Wilhelm 
Braumueller. Wien und Leipzig. 
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the pen for, from this point on, the author always considers 
his spicule and plates as standing vertically in the air. The 
same error was made by Bravais and his predecessors in 
treating parhelia. It must not be supposed, however, that this 
error invalidates in any way the author's admirable treatment 
of the optical problems involved, for in each case we may sub- 
stitute a horizontal hexagonal plate for a vertical hexagonal 
prism, and vice versa, without affecting the orientation of the 
angles. It is well to bear this in mind, as the formation of 
plates or spicules of ice seems to depend upon the temperature, 
and it is possible that approximate estimates of the tempera- 
tures of the clouds could be made by considering whether the 
parhelia observed were of the type due to hexagonal crystals 
with the principal axis vertical (i. e., flat plates), or with the 
axis horizontal (i. e., spicule). Erroneous conclusions would 
of course be drawn if the mistake here pointed out were not 
corrected. 


Fria. 2. 


Fia, 1. 


The luminous rings often seen surrounding the sun or moon 
are divided by the author into two classes—halos and corone. 

(1) The “halos ’”’ or large rings, due to ice crystals floating 
in the air, are commonly seen with a radius of 22° or 46°, 
rarely with 90°. There are in addition a large number of 
related phenomena—the horizontal ring, which passes through 
the sun and runs parallel to the horizon; ares of circles with 
their concave sides turned away from the sun; the parhelia 
(neben sonnen), or brightly luminous spots seen on the halo, 
to the right and left of, or above and below, the sun. A very 
complete list, illustrated with diagrams, is given, followed by 
explanations of each _— As an introduction to the theoreti- 
cal treatment the author gives us a very complete and pro- 
fusely illustrated list of the various types of snowflakes and 
ice spicule, and the temperature conditions under which they 
are formed. Bentley’s valuable work’ on the micro-photogra- 
phy of snow crystals is alluded to, and it seems a pity that 
some of his beautiful pictures could not have been included 
in this volume, as they are superior in definition to those used 
by Pernter to illustrate this section. 

The smaller rings, which are more commonly seen, and 
which are due to diffraction either by water drops or by ice 
crystals, the author calls “Kranze” [or corone or small 
circles}. They are more often observed around the moon, as 
the overpowering brilliancy of the sun is usually sufficient to 
drown them out. When seen surrounding the point opposite 
the sun, as when the shadow of the observer's head is thrown 
upon a cloud, they are spoken of as “glories.’’ These latter 
are to be classed as diffraction phenomena seen in reflected 
light. Following the glories comes a brief description and 
explanation of the “ Heiligenscheines ”, a luminous halo seen 
surrounding the shadow of the observer's head when it is 
thrown upon dew covered grass, and the so-called iridescent 
clouds, which are explained in the same way as the smaller 
halos and glories. I have looked with some interest for some 
mention of an extremely beautiful and brilliant phenomenon 
which I once saw upon the surface of a large lake at Madi- 
son, Wis. The sun was well up, and the surface of the 
water appeared to be covered with a very shallow layer of 
fine mist. About half a mile from shore appeared a long, very 
narrow, and extremely brilliant straight spectral band, the 
colors being vivid and arranged in proper order. There 


*Monthly Weather Review, Annual Summary, 1902, Vol. XXX, p. 627. 
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were, if I remember rightly, two or more spectra, the appear- 
ance being strikingly like the reflection of an are light in a 
plane metallic diffraction grating. I have never seen the 
phenomenon described elsewhere, but quite recently a letter 
was published in “ Nature,” describing avery similar appear- 
ance seen also upon the surface of a lake’. 

Doctor Pernter’s admirable treatment of the rainbow, which 
is largely his own, is the best, most complete, and most easily 
understood that has ever been given. There is more variety 
in rainbows than is commonly supposed. Teachers who are 
in the habit of contenting themselves with the theory of 
Descartes will have difficulty in explaining why certain colors 
are sometimes nearly absent in the rainbow while at other 
times they may predominate. The difficulty lies in attempting 
to explain the phenomenon by geometrical optics and rays— 
wave-front methods are always safer. A plane or flat wave, 
incident upon a transparent sphere (raindrop), can be shown 
by very elementary methods to acquire, after two refractions 
and one reflection, the peculiar shape shown in ), fig. 3, where 
the curved line 1, 2, 3 represents the wave-fronts, the elements 
of which are traveling in the direction of the arrows. The 
portion 1, 2 is convex in the direction of propagation, and will 
of course go on expanding; the part 2, 3 is concave, and con- 
verges to a focus. The curvature varies as we pass along the 
wave-front, being greatest at 3, zero at 2 (where the front is 
plane) and having a large value again at 1. The element at 
3 comes to a focus first, passes through it and becomes con- 
vex instead of concave, forming a “cusp” on the wave as 
shown atc. Successive elements of the wave-front above 3 
pass in turn through foci and build the rear front of the 
cusped wave. A fuller treatment of the propagation of cusped 
waves will be found in my Physical Optics (The MacMillan Co., 
1905) where I have shown that the caustic surfaces (i. e., the 
curved lines of light seen, for example, when light is reflected 
upon the table cloth by the inside of a napkin ring) are the 
surfaces traced out by the cusps on the wave-front, where 
there is of course a concentration of radiant energy. We may 
thus regard the least deviated ray in the Descartes theory as 
the path traversed by the cusp on the wave after its emer- 
gence from the raindrop. 

Now the caustic surfaces are always bordered by interfer- 
ence fringes, for we are dealing with two sets of wave-trains, 
formed by the front and rear surfaces of the cusped waves. 
If we draw the surfaces, as in fig. 3, representing the crests of 
the waves by solid lines, and the troughs by dotted lines, we 
find that crests intersect troughs along the arrows 1, 3, and 5, 
consequently these represent the positions of the interference 
minima. This method of looking at the phenomenon is more 
elementary than that given by Pernter, who integrates the 
effect of the whole wave at a given point in front of ii, as in 
diffraction problems. We thus see that in addition to the 
least deviated ray of Descartes, indicated by the arrow 0), there 
will be other directions (arrows 2, 4, etc.) in which there 
is considerable illumination. With a monochromatic sun we 
should, therefore, have a number of concentric bows, as can 
be shown experimentally with a spectrometer and glass cylin- 
der or ball. The distance between these bows will vary with 
the size of the raindrops, and since with white light we have, 
theoretically, an infinite number of bows, it is clear that the 
color of the actual rainbow at a given point can only be de- 
termined by computing the “mischfarbe ’ due to the super- 
posed bows. This is not an easy problem, or one that can be 
described briefly, but the author handles it most skilfully. 
The variation in the color is of course due to the fact 
that secondary bows (the interference maxima) are differ- 
ently spaced in different cases, the distance between them 


® The rainbow as seen in the dewdrop is described by L. J. Briggs, 
Science, September 19, 1902. 
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being a function of the size of the drops. A curiously dis- 
torted bow, observed by Linhart (Pernter, page 494), is 
explained by refraction by an intervening bank of mist. This 
appears to be a wholly inadequate explanation, as the pres- 
ence of small drops of water in the air { or saturated air] can only 
affect its refractive index to a very slight degree, if at all. The 
masts of ships never appear distorted when seen through 
wisps of fog. A more reasonable way of regarding the phe- 
nomenon seems to be to consider the distorted portion as a 
part of a halo seen upon the cloud bank, the actual rainbow 
being invisible through the mist. 


Two years ago, while discussing rainbows with Alexander 
Harrison, who has made an elaborate study of them from the 
artist’s point of view, I was asked for an explanation of why 
the bow sometimes departed from a true circular arc. Never 
having observed a case of this kind, or seen any description of 
one, I expressed some doubt as to whether it were possible. 
Mr. Harrison assured me, however, that he had frequently 
seen the lower end of the bow slope off in a nearly straight 
line (as I have roughly sketched in fig. 4), and had attributed 
it to the fact that the rain curtain forming this portion was 
ata greater distance. Only a few weeks ago I observed a 
magnificent bow at Annisquam, Mass., which showed an un- 
mistakable anomaly of this sort, the left half appearing pulled 
out into an are of greater curvature, as shown in fig. 5. The 
right part cut across a distant bank of trees and well down 
upon the intervening water, the drops being not over 100 
yards distant, while the left portion did not do so, and was 
evidently formed by a wall of rain at least half a mile away. 
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I have been unable to find any case of this kind mentioned by 
Pernter. Possibly readers of the Monruty Wearuer Review 
may have observed similar cases. The case which I saw this 
summer was so marked that it was at once noted by several 
people, whom I questioned as to whether the bow seemed 
peculiar in any way. It may be an illusion, similar to the 
apparent increase in the diameter of the moon when seen on 
the horizon, but I am inclined to regard it as real. It may be 
due to the fact that the cusp on the wave does not travel in a 
straight line, or in other words that the direction of the “least 
deviated ray” varies with the distance ofthedrop. It becomes 
noticeable, however, only when large distances are involved, 
for I have found that two jets of spray, one 60 feet from the 
eye and the other three, gave superposed rainbows. I have 
delayed this review in the hope of having a chance to throw 
up a jet of spray close to the eye and compare its bow with 
the one formed by a distant shower, but no more rainbows 
have appeared as yet. 


EIFFEL’S “ETUDES PRATIQUES”. 
{Translation of a letter from M, Eiffel, dated Paris, France, April 12, 1906.) 

In extending you my thanks for the very complete account 
[by the Editor] of my work, “Practical Studies in Meteor- 
ology’, which you have been kind enough to publish in the 
October number of the Monraty Wearuer Review, Vol. XX XITI, 
p- 442, I permit myself to make the following remarks: 

1. In reference to the reading of thermometers to the tenth 
of a degree, I am of the opinion that in the observation of 
natural phenomena as complex as those studied by meteorolo- 
gists it is not desirable to seek the precision necessary for the 
physicist and the chemist in investigating phenomena which 
are largely of their own creation in their own laboratories, 
for the reason that such precision would be purely illusory. 
We may convey an impression of accuracy by calculating, if 
we will, monthly means to the hundredth of a degree, but 
this does not constitute any real progress in science. More- 
over, in the American observations, tenths of degrees are not 
observed in reading the maximum and minimum thermometers, 
from which eventually the mean monthly temperatures are 
determined. 

2. The author of the article does not give my reason for 
preferring the meteorological year, commencing with Decem- 
ber, to the civil year, commencing with January. It is simply 
in order to enable us to group the months by seasons. In 
our climates these seasons possess such distinct churacteristics 
that it is advantageous to group the months accordingly, and 
this can be accomplished only by considering as winter the 
months of December, January, and February. December must 
not be classed an an autumn month, nor March as a winter 
month. It appears to me that such a grouping is useful; that 
by years combines elements which exhibit wide discrepancies. 

3. The division into decades appears to me advantageous 
because it permits the deduction of means that are not too 
comprehensive, whereas those for a whole month include ele- 
ments that are very unequal. In such means the irregularity 
of the final decades is of scarcely greater importance than 
that due to months of 31, 30, and 28 days. 

4. There must be some misunderstanding as to what is said 
about mean solar time and the note in reference thereto. I 
have nowhere considered frve solar time, but mean solar time, 
either civil or local. 

5. I think it a duty to recommend the use of diagrams, 
especially the last that I have constructed, and two of which 
refer to the reading of the psychrometer, inasmuch as, when 
traveling, they replace the more or less voluminous tables, and 
even for the final reductions made at the office they are more 
rapid than the tables, as has been found by M. Mouresux, 
Director of the Observatory of St. Maur, who has made actual 
time tests. Moreover the diagrams furnish direct solutions 


| 
‘ | 
(3 
a 
| 
2 
/ 
| | 
b 
| S | 
Fie. 3. 
| 
Fra. 4. Fia. 5. 
| 
i 


360 


that are not given by the tables; for example, the weight of 
water vapor when the relative humidity and the temperature 
are given, or the two temperatures of the psychrometer. 


STUDIES ON THE THERMODYNAMICS OF THE ATMOS- 
PHERE. 


By Prof. Frank H. Bicrtow. 


VII.—THE METEOROLOGICAL CONDITIONS ASSOCIATED WITH 
THE COTTAGE CITY WATERSPOUT. 


The data that have been collected regarding the meteoro- 
logical conditions prevailing at the time of the Cottage City 
waterspout are sufficiently extensive and accurate to enable us 
to study carefully the causes that produced the phenomenon, 
and to derive several important results regarding the forma- 
tion of lofty cumulo-nimbus clouds and the dynamic actions 
going on within them. In this instance we can compute 
approximately the forces producing the ascension of the 
buoyant vapor in the cloud, the formation of hail and the 
energy working in the vortex at the base of the cloud which 
developed as the waterspout. I shall proceed to give these 
facts in detail, as this computation may serve as a type to be 
followed in discussing other cases of similar local atmospheric 
action. 

Besides the formation and dissipation of the tube, noted in 
the several reports and shown in figures 27-36, there are 
special features to which attention must be directed: (1) In 
the third appearance the vortex tube shows a gradual tapering 
of the form from the cloud to the sea level, but in the second 
appearance the tube seems to have about the same diameter 
from the cloud to the sea level. It is necessary to account 
for this divergence in the type. (2) The photographs show 
a peculiar set of boundary curves in the cloud level which 
depend upon certain dynamic forces that we shall attempt to 
discover. (3) At the foot of the tube, near the sea level, there 
was a great commotion of the waters, with a white nucleus 
just under the tube, and finally a beautiful cascade of imposing 
dimensions surrounding it. These are topics of especial 
interest besides those usually considered in discussing such 
vortices. 

The meteorological conditions are given quite fully by the 
regular observations of the neighboring Weather Bureau sta- 
tions, Nantucket being a station of the first order and having a 
continuous barograph and thermograph record; Woods Hole, 
a station of the second order, with complete daily evening 
observations; and Vineyard Haven, a station of the third order, 
with daily temperature, wind, and cloud reports. The daily 
weather map of 8 a. m., August 19, 1896, exhibits the general 
conditions for the United States, and from it can be obtained 
the local conditions prevailing at that hour, at least approxi- 
mately. The physical appearance of the waterspout has been 
described fully in the reports already given, and there is also 
a series of notes of which further use will be made in the 
proper places. We shall endeavor in this Section, VII, to 
discuss the scientific problems which are naturally suggested 
by these data, with the view of illustrating typical methods of 
treating waterspout and tornado phenomena whenever these 
occur. 

METEOROLOGICAL CONDITIONS FoR avaust 19, 1896. 


Vineyard Haven, Marthas Vineyard, Mass.—The Journal for 
this station has been given as the report of W. W. Neifert, the 
observer, in the preceding Section, VI, page 307, extract A. 

Nantucket, Mass.—The Journal for this station has been 
given as the report of Max Wagner, the observer, on page 309, 
extract C. 

Woods Hole, Mass.—The report for this station has been 
given as the report of J. D. Blagden, the observer, on page 
309, extract D. 

This last report also adds: 
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Clear during the forenoon, partly cloudy during the afternoon. Thun- 
derstorm: thunder first heard, 1:58 p. m.; loudest, 3:02 p. m.; last, 3:50 
p.m. Storm came from the northwest and moved toward the southeast; 
temperature before the storm 66°, after 67°; direction of the wind before 
the storm northwest, after, northwest; during the storm the wind shifted 
to the northeast. Rain began 2:55 p. m.; ended 3:20 p. m.; amount 0:33 
inch. Maximum wind velocity 38 miles per hour from the northwest, at 
3:00 p. m. A few hailstones fell about 3:10 p. m., and quite a heavy fall 
of hail was reported a few miles north of this office. 


The weather map of August 19, 1896, is represented as 
fig. 37. 

In Section A of Table 50 the meteorological data are given 
for Woods Hole, Vineyard Haven, and Nantucket on August 
19, 1896. They are extracted from Forms 1001-Met'l. of 
Woods Hole and Nantucket, and Form 1004—Met’l. of Vine- 
yard Haven. The notation is as follows: B=barometric pres- 
sure; ‘=dry-bulb thermometer; ¢,=wet-bulb thermometer; 
d=dew-point; R. H.=relative humidity; e=vapor tension; 
Max. ¢ and Min. ‘=maximum temperature and minimum tem- 
perature for the periods ending at the respective times of 
observations; Dir.=direction and Vel.=velocity of the wind; 
Amt.=amount of precipitation; Amt.=amount; Kind; Dir.= 
direction from which the clouds came; Local time=hour of 
making the regular observations. 

In Section B are given the meteorological data at the even- 
ing observation for ten days immediately preceding, and ten 
days immediately following the date August 19, 1896, with the 
purpose of showing the kind of August weather prevailing in 
that locality. 

In Section C are given data at alternate hours obtained from 
the continuous self-register of the pressure and the tempera- 
ture for Nantucket during August 19, 1896. 

PROBABLE CONDITIONS NEAR THE WATERSPOUT. 

The general chart for August 19, 1906, fig. 37, shows that an 
area of high pressure was central over the upper Lake region, 
with its eastern edge just overlapping the southern New Eng- 
land coast. This anticyclone was advancing quite rapidly 
for the summer season, and on the following day, August 20, 
it extended far eastward over the ocean. The winds were 
light to fresh from the north and northwest over New Eng- 
land, and the advancing border of the area of high pressure 
produced a showery condition with precipitation in eastern 
Maine, the upper St. Lawrence Valley, and on the Massachu- 
setts coast. Later in the day several thunderstorms developed 
in the neighborhood of Vineyard Sound, such storms being 
reported as follows, seventy-fifth meridian time: 


Station. Began. Loudest. | Ended. Precipitation. 
Woods Hole............. 1:58pm. 3:02pm. 3:50 p.m. 2:55 to 3:20 p. m.; 0. 383 inch. 
Vineyard Haven........ 1:45pm. 3:04p.m. 3:45 p.m. 3:04 to 3:30 p. m.; 0. 38 inch. 


Nantucket*............. 2:40 to 4:00 p. m.; 0.03 inch. 


the sound, when chont p. hage tongue chet doe fem’ ce alte 
cumulus cloud that floated half a mile high at the northern edge of the shower. 

Several observers mention the thunderstorm that occurred 
in the neighborhood, in connection with the formation of the 
waterspout at the base of a large cumulo-nimbus cloud. The 
day had been generally calm, the breeze being about three to 
six miles per hour from the northwest. There was a pro- 
nounced turbulent congestion of the atmosphere along the 
southeastern edge of the anticyclone, also a strong convec- 
tional movement in the vertical direction, as was indicated by 
the rapid formation of clouds, the production of precipitation, 
and the generation of thunderstorms accompanied by an over- 
turning of the strata. All these are consequences attending 
the flow of cold anticyclonic air over the ocean, causing ab- 
normal temperature stratifications to be superposed upon the 
ordinary quiet arrangement due to solar insolation taken by 
itself. The readjustment of the thermal equilibrium, which 
had become much congested, gave rise to the phenomena 
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Fic. 37.—Weather conditions, Wednesday, August 1, 1896, at 


observed on the occasion, one of which was the formation of 
the waterspouts from the base of the same thunderstorm cloud. 
The vertical convection producing the cloud became vigorous 
enough to generate vortex tubes during the interval, 12:45 to 
1:28 p. m. Similar violent disturbances of the lower atmos- 
phere occur in summer whenever masses of air of very differ- 
ent densities are brought close together, with abrupt changes 
in the temperatures within short distances. In the Missis- 
sippi Valley this usually occurs in the southeast quadrant of 
a cyclone, where the two streams flow together or overflow 
one another, one cool and dry from the northwest, the other 
warm and moist from the south. Near the Atlantic coast the 
same effect is produced by an anticyclonic area with dry, cool 
northwest winds pushing forward and protruding the current, 
flowing freely in the higher levels, over the warm, moist layers 
of air lying near the surface of the ocean. In all such cases 
we have a natural thermodynamic engine, where the pressure, 
volume, temperature (p,, v,, 7',) for the “source” of the ther- 
mal energy is quite different from (p,, v,, 7,) for the “sink”, 
the former corresponding with the boiler and the latter with 
the condenser of an engine. Thus, (p,, v,, 7',) apply to the 
meteorological conditions in the warm air over the ocean 
before the anticyclone disturbs it, and (p,, v,, 7',) to the con- 
ditions prevailing in the cool air of the anticyclone itself. 
The motions of the atmosphere, which result in clouds, thun- 
derstorms, and waterspouts simply represent the stream lines 
through which the air flows in restoring the abnormal tem- 
peratures to equilibrium. In nature there is a tendency to 
produce a succession of such thermal engines throughout the 
atmosphere, first on a large scale due to solar radiation, with 
the boiler along the Tropics, and the condenser around the 


8 a. m., seventy-fifth meridian time, preceding the waterspout. 


poles; second on a small scale, wherever in the local cireula- 
tions, which are secondaries derived from the first kind, 
masses of air of different temperatures come into close juxta- 
position. Similar processes continue from step to step, from 
the general circulation on the entire hemisphere of the earth, 
to the smallest whirl that occurs in the turbulent internal vor- 
tex motions of the air. 

Were it possible to trace the course of these stream lines 
throughout such congested masses as are in motion in torna- 
does and thunderstorms, we should be able to study. many 
interesting problems in hydrodynamics as well as in thermo- 
dynamics. 

Examining the meteorological data I make the following 
deductions. The temperature at the base of the waterspout was 
about 67.5°. ‘This is the maximum temperature of the day, 
and the thermograph for Nantucket shows that the waterspout 
occurred at the time of maximum temperature, just before the 
break in weather occurred. It then fell to about 56.5° at 
Vineyard Haven, and 59.0° at Woods Hole and Nantucket, so 
that the effective temperature in the anticyclone was about 58.0°. 
Hence we shall assume ¢, = 67.5° F. and ¢,=58.0° F. The 
pressure in the anticyclone may be taken 30.10, and on the ocean 
near the waterspout 30.05, which is only a little lower. The table 
makes the relative humidity range above 90 per cent at Nan- 
tucket for several days till August 18. By the morning of 
August 19 a decided change had occurred, in which the rela- 
tive humidity fell nearly to 60 per cent. At Nantucket it was 
60 per cent at 8:20 a. m., and 74 per cent at 8:20 p. m.; at 
Woods Hole it was 61 per cent at 8:17 p.m. It is very re- 
markable that this great waterspout was produced on the day 
when the lower strata of the atmosphere were drier than on any other 


‘ co 
“A 
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(A) TABLE 50.— Meteorological data for August 19, 1896. 
| | 
| Pressure. Temperature and moisture. | Wind. Clouds. Local 
| Precipi- | i t 
Station. - | | tation, |—- 
By t. | RH. e | Max.t | Mint, | Dir, | vel. | “™* | Amt, Kind. Dir. tion. 
Inches, | °F, op, | | Percent.| Inches. | ° | Miles p.h. Inch. 
Woods 0 | 50.0 | éi 67.4 64.0 hw. 0.33 0 0 0” 8:17p.m 
30. 08 64.0 56.5 51.0 62 . 3738 64.0 59.2 10 0.02 | few Cc. 8:20am 
Nantucket 30, 13 62.0 57.0 | 74 402 67.5 61.5 n 8 0.08 | 0  8:20p.m 
(B) Records for 10 days either side of August 19, 1896. 
Woods Hole, 8:17 p. m. Nantucket, 8:20 p. m. 
Dates, 
te | d. R. H. Max.¢ | Min. ¢. t. 4 d. R. H. | | Min.¢ 
°F. © | °F. | Percent.| Inches. © F. | Per cent,| Inches, | ° F. 
73.0 71.8 72 4 . 783 78.2 72.2 70.0 70.5 71 98 . 157 78.0 70.2 
76.0 71.5 69 80 707 85. 8 73.0 72.5 71.0 70 93 732 | | 72.5 
76.7 72.5 | 70 82 . 732 87.0 75.0 74.5 | 725 | 72 91 733 | 88.2 | 74.5 
75.2 73.0 | 72 | 90 783 85.1 75.2 71.0 70.0 70 95 732 81.8 71.0 
72.5 71.5 | 71 95 157 81.9 72.5 71.0 70.0 70 95 82.0 71.0 
66. 5 66, 0 66 98 638 71.0 66.5 66.0 66.0 66 100 74.0 | 66.0 
65,2 64.0 63 575 69.0 65.0 64.0 63.5 63 97 575 67.5 | 64.0 
69.2 67.0 66 89 638 71.0 65.9 65.0 | 645 64 97 595 | 66.8 63.2 
68. 8 63.8 61 76 536 77.7 68.5 66.5 64.5 64 9 595 74.2 | 66. 5 
62.2 | 582 55 79 | | 69.8 | 603 | 640 |) 685 63 875 730 64.0 
64.8 59.0 55 71 432 70.0 59.1 59.5 55.5 52 78 . 387 69.0 | 59.0 
65.0 58. 3 67 71.0 64.5 87.5 56.5 56 4 448 68.5 57.5 
67.0 61.0 57 71 465 71.8 65.9 64.5 60.0 57 77 465 71.0 | 64.5 
71.0 70.2 70 96 732 73.3 63.2 69.0 63.0 68 95 684 74.6 | 66.1 
71.5 69.0 68 88 76.1 69.5 67.5 65.5 64 90 595 67.5 
65. 0 62.8 62 89 75.7 64.0 64.5 64.0 97 595 74.8 | 64.0 
68.0 65. 0 63 85 73.2 66.3 64.0 62.5 62 92 555 73.8 | 63.5 
68. 0 65.0 63 | 73.8 67.0 68.5 67.0 6 93 .638 74.0 63.3 
65.3 58.8 68 70.7 60.8 61.5 56.5 52 74 68.0 61.5 
64.0 58.0 70 | 68.0 62.9 58.0 56.0 55 89 .432 68.8 58.0 


Hours of seventy-fifth meridian time. Mid’t. | 2am. da.m, | 6 a.m. | 


Pressure, in inches. .... 29.99 
Temperature, degrees Fahrenheit. ............. 61.0 


day of that month. A comparatively low humidity was prevail- 
ing during the formation of the vortex, and even the thunder- 
storms of the afternoon did not avail to increase it much, as 
it rose only to 74 per cent in the evening. There was no 
doubt considerable local fluctuation in the humidity for short 
intervals, but the prevailing anticyclone lowered the humidity 
for the duration of two or three days. We have therefore the 
special problem of accounting for the waterspout during con- 
ditions which were quite the reverse of those usually assumed 
to prevail. Tornadoes are usually found connected with 
warm, moist air, but here we find cool, dry air, showing that 
it is not high surface temperature and humidity alone that 
causes these vortices. After several trial computations on the 
cloud dimensions, which depend upon the correct surface 
data, and allowing a small rise in the humidity percentage 
from 8:17 a. m. tol p. m. over the 61 or 62 per cent prevail- 
ing at the early hour, I have concluded to accept R. H.=64 
per cent as that prevailing near the surface of the water at the 
time the waterspout was formed. We therefore have to begin 
the computations with the following data for the air just 
above the surface of the water at 1 p. m.: 
B = 30.05 inches. 
t = 67.5° F. 
R. H. = 64 per cent. 


COMPUTATION OF THE PRESSURE 3B, TEMPERATURE ¢, VAPOR-TENSION @, 
anp HEIGHT ror THE a, 7, STAGES. 


We now have the meteorological data at sea level beneath 


_ (©) Continuous self-register of pressure and temperature at Nantucket, Mass., August 19, 1896. 


10 p.m. | 


8am. 10a,m. Noon. 2p.m | 4 p.m. | 6 p.m. | 8 p.m. Mid’t. 

30.05 30.05 $0. 06 80.07 | 30.00 | 9012 90.15 80,16 

66.0 0 | 64.0 | 63.0 63.0 


63.5 


the cloud which surmounted the waterspout, as shown in the 
photograph (fig. 29, 2d C), taken at about 1:08 p. m., by Mr. E. K. 
Hallet. This cloud is a large cumulo-nimbus; its flat base is 
about 3500 feet above the sea level, and its apex about three 
miles high. Upon the southern extension, on the right-hand 
side of the plate, there is a thunderstorm and the rain is falling 
freely; the northern side is clearing, and there seems to be 
sunshine in several places; from the midst of the cloud the 
waterspout projects down to the sea level. At the top of the 
waterspout tube the curvature of the vortex is well defined, 
and at the bottom there is a fountain of water surrounding it 
in a circular cascade. We shall determine as accurately as 
possible the meteorological elements (B, t,e) at the base of the 
cloud, that is, at the top of the a-stage, which extends from 
the sea level to the lower face of the cloud, and expresses the 
fact that this stratum of air is composed of dry air and invis- 
ible aqueous vapor mixed in certain proportions, as indicated 
by the relative humidity, which is 64 per cent at sea level and 
100 per cent at the base of the cloud. We shall use the 
notation: 


h,, B,, t,, e, at the top of thé a-stage, or the base of the cloud. 
h, B, t, e at the bottom of the a-stage, or the sea level. 


Compare the notation on page 677 of the International 


Cloud Report. 
(1) The working formula for the a-stage is No. 145, as given 


on page 496 of the same cloud report: 
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e 
C, = Constant = (0.237440.1512 R + 0.0232 ») log T. I, 


(145) (0.06858 + 0.02592 3) log B........ 
where 7 is the absolute temperature = 273° + ¢° centigrade. 
This formula is reduced to the numerical Tables 94, 95, 96, 
pages 550 to 553 of that report, inclusive, the 7’ and B terms 
being summarized by C, =I, + I, . Some examples of the 
use of these tables are given in that report on page 573 and 
following, also page 765 and following, the accompanying 
text having the necessary precepts for practical work. They 
will be further illustrated in the examples offered by this 
waterspout. 

(2) The 4-stage extends from the base of a cloud to the plane 
of freezing temperature, ¢= 0°C., which in this cumulus cloud 
lies at about 2800 meters, or 9200 feet, above sea level, so that 
the 3-stage stratum is not far from 1700 meters or 5600 feet 
thick. In the present case the a-stage is about two-thirds 
of a mile deep, and the /-stage a little more than one mile 
deep. The j-stage consists of a mixture of dry air, invisible 
aqueous vapor, and condensed aqueous vapor in the form of 
minute water drops or cloud particles which reflect and refract 
the light, and thus make the cloud appear as a visible mass or 
a region of condensation. The formula for the 7-stage is No. 
146 as given on page 496: 


Cz = Constant = (0.2374 + + 0.145 log T,.. 


(146) (0.06858 — 0.04266 log (B,—¢,)... Is 


where the notation is taken from Table 133, page 677, of the 
Cloud Report. The numerical tables are given on pages 
554 to 556 and Tables 97, 98, and 99 for the successive terms, 
I, , Il, , Ill, , and examples of the computation may be 
found on pages 574, 696 and following, also in this paper. 

(3) The y-stage stratum is shallow, in this case only 75 
meters or 246 feet thick, and it contains the layer of at- 
mosphere within which the water of the cloud is turning to 
ice, the temperature remaining constant at the freezing point 
during this process. In this layer the aqueous content is 
changing its physical state, though not its temperature, and 
there is only a mixture of aqueous vapor, water, and ice, since 
there is no thermal change in the dry air because of the con- 
stant temperature, the cooling by expansion just balancing the 
warming due to evolution of latent heat. 

This is a very interesting process and will be referred to 
again ina later section of this paper. The formula is No. 147, 
on page 496, in the notation of the Cloud Report, page 677: 


C,=Constant= — (0.06858 0.04266 log (B,—e,)..... Il, 
547.2 340.4 
(147) + T. — 0.4404 —( 0.2739) It, 
e fi. 3 
(49.78 RB + 18.82 IV, 


The table for IL, is the same as II,, page 555, and those for 
III, and IV, are given on page 557. Numerical examples can 
be found on page 575, also on page 697 and following; like- 
wise compare the ;-stage of the Cottage City waterspout, later 
in this paper, under (c). 

(4) The 3-stage relates to a stratum of mixed dry air, frozen 
aqueous vapor, i. e., ice vapor, and ice or snow below the freez- 
ing temperature, and in the present case this stratum extends 
from the height of about 2880 meters, or 9450-feet, above the 
sea level to the apex of the cloud which is not far from 4940 
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meters, or 16,200 feet; so that the 6-stage, or the snow-stage, 
is about 2060 meters, or 6750 feet in depth, that is about one 
and one-fourth miles thick. The formula is No. 148 on page 
496, in notation of pages 677 or 678, as follows: 

e 


= Constant = (0.2874 40.4743 m)log 


(148) (0.06858—0.04266 n) log (B,—e,)-... Ty 
547.2 340.4 e] e 
+ — 0.4404 — ( 0.2789) | _ IT; 
Ty B Bue, 


The numerical tables are on pages 555, 558, and 559, the 
table for II; being identical with that for II,z. Examples of 
the frozen or 4-stage may be found on pages 576, 697-712, 
also in the following computations on this waterspout. It is 
convenient to have a distinct notation for the bottom and top 
of each of these four stages, and this is done in the notation 
of pages 677 and 678 of the Cloud Report by simply trans- 
ferring the suffix of the bottom of the stage to the place of an 
exponent at the top of that stage. The notation for the top of 
one stage is equivalent to that of the bottom of the next higher 
stage, and both symbols may be employed. 

In the computation of h, B, t, e for the several stages of the 
Cottage City waterspout explicit directions will now be given 
for each stage in the work, for the sake of providing suitable 
precepts to be followed by others pursuing this line of re- 
search, andin order that the several steps may be clearly and 
accurately understood. The tables for each stage, pages 550 
to 559, were all computed so that the absolute temperature, 
T =273° + t°C., which appears in the formule is found as ¢° C. 
in the argument of the tables, for the sake of convenience in 
computing. 

(A) THE a-STAGE OR UNSATURATED PROCESS, 


The sea-level conditions as above given may be converted into 
the metric system by the following table: 


— SY* Transferred to the metric system. | Metric system. 
30.05 in. By Smithsonian Table 64... 763.27 mm 
67.5° F... By Smithsonian Table 2..... 19.72° 
Relative humidity 64 perct........ 64 per cent. 

e for saturation at 

19.72°, Broch’s value, is 

17.06 mm. and 64 per cent 

of this is— 10.92 mm. 
2 10.92 + 763.27 =........... 0.0143 
Reduction of 2 aS ye From Table 136 p. €90, | —0.0013 

Corrected Bo’ | 0.0143 — 0.0013 = ......... 0.0130 


The result of the discussion of the value of the ratio A at 


the sea level and at the base of the cumulus cloud, as given 
on pages 677 to 693 of the Cloud Report, was to show that the 


ratio 2 at the sea level in the a-stage has a larger value 


than at the base of the cloud. This is due to the fact that in 
nature the atmospheric process does not exactly follow the 
adopted theory of the «-stage, and is not a true adiabatic 
process as the formula requires. We can, however, adapt the 


formula to this case by applying to the sea-level value of ; a 


slight correction to make it smaller at the base of the cloud, 
and, as the outcome of a very extensive discussion of this 
problem, the necessary corrections are given in Table 136, 
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pege 690, of the Cloud Report for metric measures, and on 
able 18, page 107, of the Barometry Report for English 
measures. It is necessary to determine this ratio quite accu- 
rately for close computations of the humidity correction, 
according to the theory adopted in these two reports. In 
this connection the reader is referred to further remarks on 
this formula, which has been in use since 1897 by the Weather 
Bureau, as found on page 781 of Dr. J. Hann’s Lehrbuch der 
Meteorologie, 1901, and on page 30 of the Meteorologische 
Zeitschrift of January, 1903, by Dr. J. Liznar, where the formule 
are proved to be sufficiently accurate for all practical compu- 


tations. The Table 136 gives for the argument ; = .0143 and 


the assumed approximate height of the base of the cloud, 
1100 meters, a correction which I take as — .0013, so that we 


have .0143 — .0013 = .0130 as the value of ; to be employed 


throughout the computation, at least so long as precipitation 
does not produce pseudo-adiabatic conditions. While there 
is rain falling from the cloud at some distance to the south, 
where the approximate adiabatic process has been disturbed, 


it yet seems proper to retain the full ratio ; = 0.0130 for 


computing along the line from the waterspout to the apex of 
the cloud, since it is probable that the activity of the cloud 
continues still to be nearly adiabatic along the main line of 
ascension of the vapor of condensation. It is to be particu- 


larly noted that this ratio, z= 0.0130, is to be used in com- 


puting every stage, and is the quantity that controls the value 
of the pressure, temperature, and vapor tension at all the 
levels of the cloud. The fact that the heights computed by 
the thermodynamic processes are found to be in close agree- 
ment with those measured on the photograph, according to 
the data of the survey, also tends to justify the adoption of 


that value of the ratio z 
The constant C, in the «-stage is computed as follows: 


I, 1.8596 Table 95, arguments ( = 19.72, = 0.0130). 


e 


Il, — .4574 Table 96, arguments (z= 763.3, 0.0130). 


C, 0.9022 Sum of I, and I, = constant. 

These values should be determined with accuracy to the 
fourth decimal place throughout the computation, and the 
result will then be sufficiently exact to follow the natural 
processes exactly as they develop. The significance of the 
constant C,, = 0.9022 can be understood from this considera- 
tion. We have a set of mutually related thermodynamic quan- 


tities, B = 763.3, t= 19.72°, e = 10.92, 2 = 0.0130, connected 


together in such a way as to give the constant 0.9022. 

There are many other sets of values of B, t, e, which can be 
developed by changing the thermodynamic system adiabati- 
cally, that is to say without adding or subtracting any heat. 
Now, as a given mass of the aqueous vapor, so many grams 

r thousand grams of air, or so many thousandths of one 

ilogram, rises from the sea level and ascends upward to the 
base of the cloud, it evidently passes through pressures and 
temperatures which are each diminishing in amount. Then 
at a certain height, where the pressure and temperature are 
sufficiently reduced, this same mass of vapor will begin to 
saturate the kilogram, and condense as visible vapor. In all 
the steps of change in B, t, e from the surface to the cloud- 
base, the same constant C, = 0.9022 must be retained, and 
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also the same ratio jpmust be kept, so that there remain the 


two variables 2 and ¢. Now the connection between ¢ and ¢ is 
fixed at a certain value by the saturation tables, so that if ¢, is 
assumed,e, is found by the table, and 2, isobtained by computing 
backwards through Tables 95, 96, the result being checked by 


having the ratio Z = 0.0130. 
1 
trials to effect correctly, and one needs a little practise with 
the data to do it expeditiously. In order to make a beginning 
with the trial temperatures it is well to remember that in 
dealing with cumulus clouds the average fall in temperature 
in passing from the sea level to the base of the cloud, through 
1100 meters, is usually 10° to 11° C. This is shown in Table 


This usually requires a few 


147, where for the surface temperature ¢ = 20°, and >= 


0.0143, which is the original value of ; , we have for the tem- 
1 
perature gradient per 1000 meters, Gt =— 9.50. This table is 
adapted for the cumulus cloud-base at the height of 1000 to 
1100 meters as it stands, without modification. If the tem- 
perature is for any other height, the gradient must be modi- 
fied somewhat as indicated by the subtable on page 727, 
though the gradients may become very abnormal under cer- 
tain conditions. It is proper from these considerations to 
begin the trial values of ¢,, the temperature at the base of the 
cloud, with ¢,= 9°, and ¢,=10°. These values will give 


resulting values of the * which will enable us by interpola- 


1 
tion to find the correct value of ¢, at the third trial. 

The following form illustrates the method of procedure for 
assumed successive values of /,. The last column gives the 
arguments, or the method of obtaining the figures in the second 
and third columns: 


t, 9° 10° (Assumed.) 
e, 8.55 9.14 Smithsonian Table 43. 
| em9°, © 0.0180 
I, 1.3507 1.3515 Table 9, | 
arguments. | 10°. 0.0130 
| 
C, .9022 .9022 From preceding result, formula 145. 
II, — .4485 — .4493 —I, 
. Table 96, } e 
B, 670 «678 = 0.0130. 


“0.0128 ~—-0,0135 ‘Resulting ratio of 
B, B, 


This ratio should have come out ) = 0.0130 if the trial val- 


ues of /, had been correct, and interpolation shows that in 
order to make it so the value of /, should be 9.3°. 
Repeat the computation, 


t 9.3° 

e, 872 Smithsonian Table 43. 

I, 1.3509 Cloud Report Table 95. 

C. .9022 As above. 

Il, — .4487 

B, 672 Cloud Report Table 96. 

e 0.0130 | This completes the check, and gives B,=672, 
B ; “( t=9.3°, e,=8.72 at the base of the cloud. 


floats above the sea level. 
For Table 91 we have the formula of barometric reductions 


and the corresponding height, 


| 
| 
ae We next compute the height at which the visible cloud base 
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log B, — log B= +m— fm—ym. 
Logarithm, 
B, 763.27 2.88268 
B, 672 2.82737 


m—im—ym 05531 
Since Table 91 is constructed to find m through the argu- 
ments, height = H and mean temperature 7’ = ¢, in order to 
obtain 7 be the inverse process we must compute m itself 
from m—jm—ym=.05531, by taking m=.05531+4 3m+ym. 


By Table 92, with the arguments (2, =763 and e,=10.9) we have: 
For argument I=.378 =. 0054 and 


For argument Il=/ (for assumed H=1100) .0048 


So that-+m (for m=.055) + 0.00026 
By Table 93, +ym (for g=41.5°) +0.00091 
Hence, since log B,—log By=...... ......... 0.05531 


Finally the temperature ¢= } (19.74 9.3) =14.5°. 
By Table 91, with the arguments (¢@=14.5 and m=0.05558) 


‘ 1078 meters. 
we find by interpolating H, = | 3537 feet. 


We thus find, from the thermodynamic computation, that 
the height from the sea level to the plane of condensation at 
the base of the cloud is 3537 feet. From the measurements 
on fig. 27, 2d A, as contained on page 311, the approximate 
height is 60 mm. or 3600 feet. Considering the uncertainty 
in determining the exact plane which is the base of the cloud 
sheet, where the vortex motion becomes asymptotic, it is 
evident that we have reached a satisfactory agreement re- 
garding the height by two independent methods. Further- 
more, this check is a good evidence that the fundamental data 
in these computations are in harmony geometrically and ther- 
modynamically, and we may, therefore, feel confident that the 
other deductions depending upon them are substantially cor- 
rect. 

The gradients per 100 meters for the a-stage are now easily 
obtained. 


mm. °C. 

B, 763.3 t, 19.7 
B, 672.0 t, 9.3, e, 8.72 
B,—B,— 91.3 t,—t, —104 e,—e, — 2.20 
Divide 2,— #, ete. by 10.78, or the height in units of 100 meters. 
(G. B), — 8.46 (Gt), — 0.963 (Ge), — 0.204. .By observation. 
(G. — 8.40 (Gt), — 0.950 (G.e), — 0.192. .Table 147, I, II, 
III Cloud Report. 


The tabular gradients are found in Table 147, page 724, 
which gives the gradients that prevail for average conditions, 


e, 10.92) whence H, = 
1078 meters. 


by using the arguments (.= 19.7 and - = 0.01 15), The agree- 


ment is such as to show that the meteorological conditions 
forming the waterspout cloud are entirely in harmony with 
those which are found to prevail under similar circumstances, 
when thunderstorms and tornadoes are in action. If, how- 
ever, we compare them with the gradients found under the 
normal August conditions as given in the Barometry Report 
for Nantucket, we have the following data taken from page 707: 


Inch. oF, Inch. 
B,, 29.977 t, 67.7 e, -571 co 
B, 26.470 t, 60.4 e, 445 measures. 

Convert these into metric measures. 
mm. °c, 
B,, 761.35 t, 19.83 e 14. ‘50 ) Metric 
B, 672.34 t, 15.78 e, 11.30) measures. 
B,—B,, —89.01 —4.05 e,—e, —3.20 
49—__2 
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Divide B,— B,,, ete. by 10.78, or the height in units of 100 meters. 
(G. —8.24 (G.t), —0.3875 (Ge), —0.296 
The discussion of these gradients will be resumed, as they 
are important in the theory of atmospheric vortices. 
(B) THE §-STAGE, OR SATURATED PROCESS. 


The computation of the numerical value of the meterologi- 
cal elements (2',t', e') at the top of the j-stage, or the bottom 
of the y-stage t,, e,), proceeds as follows: 


t 9.3° C. 
b, 672 mm. »-Taken from the top of the a-stage. 
e, 8.72 mm. 
; 0.0130 The same as adopted for the «a-stage. 
B,—e, 663.28 
0.0132 

Arguments. 

I, +1.3747 Table 97 (129. 3°, = 
II, — .4419 Table 98 (2, —e, = 663.3, = 0130 ). 
III; + .0173 Table 99 (129. 8°, =0192 ) 


Os 0.9501 Constant for the palais 


"at the top of the 7-stage two quantities are fixed, namely, 
temperature ('=0° and e'=4.57 mm., so that the term I, can 
be at once found and subtracted from the constant. 


t 0° 


4.57 mm. 
I, 1.3664 Table 97, arguments 5 = 0130 ) 
Cs 0.9501 taken from above. 


—0.4163 Subtract I, from Cg. 

The term —0.4163 is made up of II, and III, at the top of 
the 7-stage, and these depend upon finding by trials B', the 
pressure there prevailing. It is convenient to employ Hertz’ 
well-known diagram of adiabatic changes in the «a f 7 0 stages, 

a copy of which is given in Professor Abbe’s Translations, 
The Mechanics of the Earth’s Atmosphere, page 202, in order 
to have approximate values to figure the trial computations. 
Enter the f-stage at the point B,=672, t,=9.3°, and follow 
the system of # lines up to ‘=0° and B=552. Make two 
trials by two assumptions of the pressure A’. 


B 552.0 542.0 Assumed values of B' 


e 4.57 4.57 
547.4 537.4 
e! 
.0085 
IT, —.4289 —.4276 Table 98, arguments 


547.4, = 20130 


537.4, 


IIT, +.0115 +.0116 Table 99, arguments 


—.4174 —.4160 

The term II+III should be equal to —.4163, and hence we 
interpolate another assumed value of B'=544. Repeat the 
trial, 
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B 544 Assumed by interpolation. 1 539. ) 
é 0085 Assume | /®—e" 534.4 | for the top of the ;-stage. 
Rt 0086 | 
Arguments. | Pe 

I, —.4279 Table 98, ( 589-4, 

Il, —.4273 Table = 7020130). 

e 
ll, +.0116 Table 99, (‘=0, =.0085) 


II+III—.4163 The check is complete for J'=544. 
The computation for H,, the depth of the #-stage, is as fol- 


lows: 
Logarithms. 
B, 672 2.82737 e,=8.72 t,=9.3° 
m—fm—ym 0.09177 Arguments. 
im + 38 Table 927 I =.0050, Il=.0041 
ym + 1 Table e,=8.7 H= 1700 | 
By=672 m=.092 
m 0.09216 


H 1728 meters. Table 91, arguments (¢=4.7°, m=.09216). 
5669 feet. 
The gradients for the j-stage are now found, 


mm. °C. mm. 
BY 0 4.57 
672 t, 93 e,=8.72 Hg = 1728 meters. 
198) 4,-9.8 —4.15 


Divide /'— #, ete. by 17.28, or the height in units of 100 meters. 
 (G.t,),—.5388  (G.e,),—.240 By observation. 
 (Ge,),—.260 Table 147, IV, for 


.0130. 


1 
In order to compare this with the normal conditions of the 
atmosphere in August, we again take the Nantucket data, 
Barometry Report, page 707, where (#, ¢, e) are given on the 
3500-foot plane and the 10000-foot plane. 
The depth of the a-stage = H, = 1078 meters = 3537 feet. 
The depth of the f-stage = H, = 1728 meters = 5669 feet. 
Height of top of /-stage 
above sea level ...... H' 2806 meters = 9206 feet. 
By interpolation to the given heights, 1078 meters=3537 
feet and 2806 meters= 9206 feet, we obtain in metric measures, 
from page 707 of the Barometry Report, the data. 
oC, 


mm, mm. 

BY 548.6 9.22 e 4.95 

B, 671.6 15.72 e, 11.25 
1238.0 — 650 e—e,— 6.30 


Divide by 17.28, the height of the j-stage in units of 100 

meters. 

These sets of gradients for the 3-stage will also require 

further discussion. 
(Cc) THE 7-STAGE, OR FREEZING PROCESS. 

In the freezing stage there is no change in the temperature, 
which is ¢,=0’, nor in the vapor tension, which is ¢,=4.57 mm., 
and we have only to compute the variation in the pressure /},. 


Constant II, + III, — .4163 
t, 0° 

| brought from the #-stage. 
R 0.0130 | 


IV, —.0024 Table 100(t=0, =0.0130). 


Sum —.4163 This satisfies the check. 
For the depth of the 7-stage we compute, 
Logarithms. 


B 544. 2.73560 
589. 2.78159 


m—im—ym .00401 The corrections for — jm — ym can be 
neglected. 
74 meters. Table 91, argument (¢=0°, m=.00401) 
Y 243 feet. 


The pressure gradient in the ;-stage is, 
(G. = 6.76 By observation. 
(G. B,). =6.70 Table 147, V, of the Cloud Report. 


(D) THE 0-STAGE, OR FROZEN PROCESS. 


The 4-stage extends to the visible tops of the clouds, and 
we may, therefore, take such a temperature as will, through 
the intermediate computation, produce a height which agrees 
with the height measured on the photograph. A preliminary 
trial of —11°C. for the temperature gives a height that is 
somewhat lower than the apex of the cloud, and a second trial 
of —12°C. seemed to be about right, so that it has been 
adopted for the numerical example. 


For the constant in the 4-stage, we have, 
t 0°c. 


hk, 539. -brought from the top of the ;-stage. 
4.57 
5344 
0086 
By 
e 
0130 
R 13 
Arguments. 
I, 1.3664 Table 101, =.0130 ). 
Il, — 4273 Table 98, = 5344, 0180). 
II, + 0134 Table 102, (‘=0. = 0086 ) 
B,—¢,, 
6-Constant 9525 
Assume —12°C. Argument. 
1.64mm. Table 103, t——12°C. 


I, 1.3556 Table 101, (‘=-12, 0130 ) 


B 
Constant 9525 
Il;+IIl; — .4031 This is the constant to determine /}". 
Assume 7" 415.0 419.0 
e 1.6 1.6 
413.4 417.4 


= 
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0040 0040 
pure" 
Table 98, argument. 
Il, — 4098 —.4105 - ( =.0130), 


\ Table 102, arguments. 


Til, + .0066 (1066 | =.0040 ), 
—.4032 —.4039 
Interpolation indicates /*''=414.5. 
Assume 414.5 
e" 1.64 
412.9 
el 
0060 Arguments. 
Il, — .4097 Table 98( 412.9, 


Ill; + .0066 Table 102 (t= —12°, ). 


— .4031 This checks the constant for the pres- 
sure /''=414.5 mm. 
The depth of the 0-stage is found as follows: 


Logarithms, 


B 539.0 2.73159 


BY 414.5 2.61752 


Arguments. 
m—sm—ym 11407 = .0033 (e=4.57, 2539). 
+im+ym 00029 II = .0026 (assume H= 2000). 
— im = .0026 x .114=.00029. 
m 11436 
0—12° 
= 9 = —6 


Arguments. 
H, \ 2062 meters. Table 91 (¢= —6°, m=.11436). 
| 6765 feet 
The gradients in the -stage are now found: 


mm. °C, mm, 
414.5  —12.0 1.64 
R, 5390 ¢, 000 e, 4.57 


=2062 m. 


B, —124.5 "—t,, —12.0 e'—e,, —2.98 
Divide 2"'— B#,, ete. by 20.62, or the height in units of 100 
meters. 
(G. — 6.04 —-582 (G@.e,,)o —.142 By observation. 
(G. — 6.50 —.550 —.140 Table 147; VI, 
VII, Cloud Report. 
The top of the cloud is about 5000 meters above sea level, 


so that in Section VII, Table 147, for 7=5000 and a =. 0130, 


1 
we find the vapor tension gradient ((/. ¢,,), = —0.140 per 100 
meters. 

Table 51, summary of the data for the Cottage City water- 
spout, August 19, 1896, contains the results of the preceding 
computations on the thermodynamic conditions prevailing at 
that time, in both the metric and the English systems of 
measures. The first column of figures under each system 
gives the vertical distances H, measured in millimeters and 
inches on Hallet’s photograph, 2d ©, taken at about 1:08 p. m.; 
the second, the corresponding height in meters and feet; 
the third, the pressure in millimeters and inches; the fourth, 
the temperature in degrees centigrade and Fahrenheit; the 
fifth, the vapor tension in millimeters and inches; the last 
column the gradients as extracted from the Cloud Report from 
the same data; also the gradients as deduced from the Baro- 
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metry Report for the same season of the year. By inspection, 
it is noted: 

(1) In the «-stage in the English measures, the pressure 
gradient has increased from —0.098 to —0.101 per 100 feet. 
The normal gradient for August at Nantucket, only a few 
miles from the scene of the waterspout, is —0.098 per 100 feet, 
making a pressure fall of —3.47 inches from the sea level to 
the base of the cloud, or a change of pressure from 30.05 
inches to 26.58 inches; the waterspout gradient —0.101 per 
100 feet gives a fall of —3.58 inches and a pressure of 26.47 
inches at the height 3537 feet, the base of the cloud. There 
is thus a total change in the vertical gradient of 0.11 inch 
from the sea level to the cloud, and it is this increased differ- 
ence of pressure which causes the air to rise generally from 
the surface of the sea to the cloud, and is intimately concerned 
with the generation of the vortex tube. We may remark in 
passing that one of our purposes in constructing tables and 
charts of the normal values of the pressure, temperature, and 
vapor tension on the 3500-foot and the 10,000-foot planes, in 
connection with their values on the sea-level planes, was to 
afford the data for establishing the normal vertical gradients in 
the lower strata of the atmosphere, which shall represent the 
average stratification when undisturbed by convectional 
action. It is very desirable that these gradients should be 
checked by numerous direct observations of B, ¢, e, taken day 
and night, winter and summer, so that the normal gradients 
can be separated from the convectional gradients in a per- 
fectly reliable manner. As this must be the work of years 
for the United States, it is permissible to employ the gra- 
dients contained in the Barometry Report, which rest upon 
the best data we now possess, in such discussions as are sug- 
gested by the Cottage City waterspout. Similarly, the phe- 
nomena of tornadoes in the Mississippi Valley, of thunder- 
storms generally, of cyclones, anticyclones, and hurricanes 
can be properly studied only by comparing the abnormal 
gradients, prevailing in these conditions of rapid convection, 
with these normal gradients. The differences between these 
two systems of gradients represent the energy which pro- 
duces these atmospheric motions, and any explanation of the 
cause of the change of the gradients from the normal to the abnor-. 
mal, or convectional types, is undoubtedly a direct contribution 
to the scientific theory of the local circulations of the air. 
The Barometry Report has furnished us for the first time with 
the data for constructing the isobars on the higher levels, as 
is shown on the charts published in the Monraty Wearuer 
Review for January and February, 1903. The series of charts 
containing the daily isobars on three planes lays bare the 
mechanism of the dynamic structure in cyclones and anti- 
cyclones, so that it is necessary to develop a mathematical 
analysis in conformity with the observed facts. Furthermore, 
the same Barometry Report has furnished us with reliable 
annual residuals, or the variation of the pressure from year to 
year, and it has been shown in the Monraity Wearuer Review 
for July, 1902,' that these residuals synchronize with similar 
pressure variations over the entire earth, and also to some 
extent with the annual variations in the frequency numbers of 
the solar prominences, facule, and sunspots. These facts sug- 
gest the foundation for the true cosmical meteorology of the 
future. These three lines of study—namely, (1) the abnormal 
system of convectional gradients, (2) the normal gradients 
when there are no vertical currents, and (3) the solar-terres- 
trial synchronous variations—can be developed with accuracy 
for the United States, and placed upon a strictly scientific 
basis. Could similar material be computed for several other 
parts of the earth, the whole cosmical research would be dis- 
tinctly advanced from an empirical to a thoroughly scientific 
status. The point of view can be illustrated by employing the 
data obtained from the Cottage City waterspout, Table 51. 

' Vol. XXX, pp. 347-354. 
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TABLE 51.—Summary of the data for the Cottage City waterspout, August 19, 1896. 
| Metric system. English system. 
Stages. | - — - 
H. photo. Height. B. t. H. photo, Height. B. t. Gradient. 
mm. Meters, mm. om Inches, Feet. Inches, | °F. Inches. 
Upper..... 176.4 4942 4145 — 120 1.64 6.9 16,214. 16, 32 10.4 0. 
Lower 102.8 2880 539.0 0 4.57 4.05 9,49) 32.0 0.180 
Upper. 100.2) 2806 544.0 0 4.57 3.95 9, 206 21,42. 32.0 0.180 
—. — —. — .00288 (G) 
cv Range 61,7 | 1728 —7.60| — .640 — .260 2.43 5,669 2 — — .294 - 00312 (G) Cloud. 
| ‘364 —:08 —.207 — 00837 (G) 
38.5 1078 672.0 9.3 8.72 1.52| 3,537 | 26. 46 48.7 0. 343 
{ Upper.... Gradients. Gradients. | 
nge. — 0. — 0. — 0. oud, 
| — 0.996 0.806 — |G) Barometry. 
Sea level. .. 0 0 763.27 19. 72 10. 92 0 0, 30. 05 67.5 0. 430 
| 


(2) In the temperature of the a-stage the normal gradient is 
—0.206 F. per 100 feet, and the waterspout gradient is —0.531, 
which is only a little short of the true adiabatic gradient. 
The normal temperature fall from the sea level is —7.3°, or a 
change from 67.5° to 60.2°, at the 3537-foot level. This 
change from the normal temperature fall (which is small on 
the Atlantic coast in summer because of the southward bend- 
ing of the isotherms over the ocean areas) to the adiabatic 
convectional gradient is a very striking fact. The latter gives 
a fall of —18.8° F., or a fall from 67.5° to 48.7° F., instead of 
to the normal temperature 60.2° F., showing that something has 
occurred to suddenly reduce the normal temperature at the 3537- 
Soot level by the amount 11.5° F. 

The cause of this will be explained in the following para- 

h. 
or) The normal gradient of the vapor pressure is —0.00355 
inch per 100 feet, for Nantucket in August, and this gives a 
total fall of —0.126 inch, or a change from 0.430 at sea level 
to 0.304 at the cloud base. The abnormal or convectional gra- 
dient prevailing at the waterspout is 0.00246, which makes a 
change of —0.087, or a diminution of the normal vapor pres- 
sure 0.430 to 0.343. Thus, we have a gain of 0.039 in the 
vapor tension for the waterspout. The result for the «a-stage 
is a total decrease of the pressure by —0.110 inch, a total de- 
crease in the temperature by 11.5° and a total increase in the 
vapor tension by 0.039 inch. This must be interpreted to 
mean that the air is rising from the sea level, carrying with it 
aqueous vapor into levels of temperature about —11.5° F. 
lower than that which prevails in the normal August weather. 

(4) The depth of the a-stage is 3537 feet, of the /-stage 
5669 feet, of the ~-stage 243 feet, and of the é-stage 6765 feet, 
to the assumed top of the cumulo-nimbus cloud. In the 
&-stage the pressure gradient changes from the normal rate 
—0.085, to the convection rate —0.089 per 100 feet. This is 
equivalent to a fall of —4.82 inches in the normal state, from 
26.58 to 21.76 inches; and to a fall of —5.04 in the convection 
cloud, from 26.46 to 21.42 inches. There is, therefore, a total 
fall in pressure of —0.227 inch, (— .004 x 56.7 = — 0.227), 
induced by the change from the normal to the waterspout 
conditions in the 3-stage of the cloud. We have thus a dif- 
ferential gradient per 100 feet in the a-stage of —0.0031, and 
in the §-stage of —0.0041 inch in favor of a vertical current. 
The excess in the f-stage over the «a-stage of —0.0010 inch 
may be taken as the effective gradient due to the additional 
latent heat produced by the condensation of the aqueous 
vapor to liquid water. This is only one-third the amount of the 


gradient due to the cause which produces the general uplift of the 
air that feeds the cloud. This criterion also proves that there 
is a more efficient cause for the vertical pressure gradient than 
the condensation of the aqueous vapor, which has been so 
generally considered by meteorologists to be the true source 
of the energy that drives cyclones, following Espy’s sugges- 
tion of fifty years ago. 

(5) The temperature gradient in the j-stage changes, de- 
rived for the normal, is —0.207° F. per 100 feet, and —0.294° F. 
per 100 feet in the cloud. This amounts to a fall of —11.7° F. 
in 5667 for the normal state, and —16.7° F. for the convec- 
tional state, carrying the normal temperature from 60.2° to 
48.5° F. in the §-stratum, and from 48.7° to 32.0° F. in the 
actual /-stage of the waterspout cloud. This is equivalent to 
a gradient excess in the a-stage of —0.325 of the convection 
over the normal gradient, and in the j-stage is one-fourth 
that in the a-stage. In the case of the pressure the excess in 
the j-stage is four-thirds that in the «-stage. The tempera- 
ture difference of gradient diminishes rapidly in proportion 
to the height up to the ;-stage. In that stage and the 3-stage 
there is not much difference between the normal and the com- 
puted convectional gradients. This indicates that the effec- 
tive cause of a vertical gradient is about exhausted at the 
height where the isotherms of the 0° is located, or, in other 
words that the vertical convectional action is properly confined in 
the waterspout cloud to within about two miles of the ground, and 
is most active in the lower portion of the cloud. In cyclones this 
vertical convection is usually limited to within two or three 
miles of the ground, though the accompanying dynamic action 
may penetrate into the upper strata as high as three or four 
miles; in hurricanes the penetration reaches to six or seven 
miles at least. 

(6) In the #-stage the gradient of the vapor tension changes 
from the normal —0.00437 per 100 feet to —0.00288; the total 
fall in 5669 feet amounts to —0.248 inch, (—0.00437 x 56.7 = 
—(.248), in the normal, to —0.163 in the cloud convection, 
making the fall which should be from 0.304 to 0.056 in the 
normal state, from 0.343 to 0.180 in the cloud. The differ- 
ence of gradient is +0.00109 per 100 feet in the a-stage, and 
+ 0.00149 in the j-stage, showing that large quantities of 
vapor are carried upward from the sea level in both stages, but 
that there is a condensation of aqueous vapor to water equiva- 
lent to +0.00040 inch per 100 feet. We can not carry out this 
comparison between the normal and the convectional gra- 
dients in the 7-stage and the d-stage, but the evidence is that 
they have become practically identical. 


~ 
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(7) It is desirable to compare these vertical gradients with 
the commonly observed horizontal gradients. We have in 
the pressure —0.34 inch in 9206 feet. This is equivalent to 
—13.47 inches in 364,525 feet, or 111,111 meters, or one de- 
gree in the standard latitude of forty-five degrees. Now, on 
the weather maps, —0.70 inch in five degrees, or —0.14 inch 
in one degree, is the average horizontal gradient in a highly 
developed cyclone. Hence, in the convectional cloud forma- 
tion the vertical gradient is about one hundred times as large 
as in such horizontal motions. In the temperature the fall of 
—16.5° in 9206 feet is equivalent to —654° in 111,111 meters, 
or one degree, and this too is about one hundred times the 
horizontal gradients which are found on the weather maps. 
This indicates that the scale of operations on the horizontal plane 
is only one hundredth that which occurs in the vertical direction in 
convectional clouds. The linear dimensions of cyclones are 
usually about one hundred on the horizontal to one in the 
vertical direction, and these two facts, taken together, show 
how much less force is required to drive a horizontal than a 
vertical current. 


THE CAUSE OF THE FORMATION OF THE WATERSPOUT CLOUD, AND THE 
VERTICAL CONVECTIONAL VELOCITY. 


(1) Vertical convection due to surface heating.—We now reach 
the important question, what was the physical cause of the 
formation of the cloud, and the vertical convection within it 
that was the immediate condition of the generation of the 
vortex tube extending from the base to the ocean? Fortun- 
ately, one answer to this question is entirely excluded from 
our consideration. The disturbance of the normal stratifica- 
tion which produces an abnormal system of gradients and the 
corresponding vertical currents, may be due to two causes, 
(1) the surface layers may be overheated relatively to the 
upper layers, or (2) the upper layers may be undercooled re- 
latively to the surface layers. Either cause would be equally 
efficient, and it is only a question of which one is actually 
operating in the case of this waterspout. Overheating the 
surface layers is due to a perfectly definite physical process, 
namely, as follows. The effective solar radiation falling upon 
the earth’s atmosphere consists of short wave lengths from 
0.30 » to 2.00%. (Compare figs. 3 and 4, Tables 1 and 2 of my 
paper on “ Solar and terrestrial physical processes,’ Monruiy 
Weatuer Review, December, 1902, Vol. XXX, pp. 562-564.) 
These short waves, whatever may be the true effective solar 
temperature at which they are produced, penetrate to the sur- 
face of the earth with two sources of depletion, the first, by 
scattering in the upper atmosphere which cuts out a large 
percentage of them, and produces the strong glare that is 
characteristic of the higher layers; the second, by absorption 
in the aqueous vapor at certain wave lengths, which causes 
the observed depressions or cold bands in the energy spec- 
trum. There is good reason for believing that the upper as 
well as the lower atmosphere is heated by the passage of the 
remainder of the short waves by only a very slight amount, 
and that this is practically negligible in general discussions. 
But these short rays falling upon the surface of the earth 
are readily absorbed, and this absorption powerfully raises the 
temperature of the land and ocean areas. That practically 
ends the history of the incoming solar radiation. 

The terrestrial radiation, on the other hand, is of an entirely 
different character, and it has a very different effect upon the 
earth’s atmosphere. The heat radiations at terrestrial tem- 
peratures, where the absolute temperature ranges from 
T=200° to T=325°, have wave lengths extending from 2» to 
40», and, thus the outgoing wave lengths begin where the in- 
coming lengths end. Many of these long waves, in radiating 
from the surface of the earth, are quite readily absorbed by the 
atmosphere, and the heat percolates from the lower through the 
upper strata by a process of slow conduction and convection. 
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The aqueous vapor certainly absorbs many waves, as from 4 
to 8», and possibly most of the waves beyond 12”. It was 
shown very distinctly in my International Cloud Report that 
the surface temperatures do not diminish with the height at 
an adiabatic rate, but much more slowly, as is indicated on 
charts 78 and 79. In Table 162 of the same report is given 
the number of calories per kilogram required to convert an 
adiabatic atmosphere into the actual atmosphere as observed. 
It shows an increase from the ground until the number is 
about 9.5 calories at the 13,000-meter level in summer and 
11.0 calories in winter. This amount of heat may be taken 
to represent the effect of the outward flowing flux, which, like 
a slow conduction, keeps the upper atmosphere warmer than 
it would be if the outward-going waves had the same length 
as the inward-coming waves. This difference in wave length 
is the most important factor in the economy of the earth’s 
atmospheric temperatures. 

We may now fix our attention more closely upon the changes 
in the surface temperatures as measured in the normal diurnal 
and annual periods, and in the local variations of all kinds upon 
the average conditions. The change in the transparency of the 
atmosphere due to cloudiness, the difference of altitude of the 
sun, the character of the surface, whether water area, moist 
ground, or dry desert, all determine the effective temperature 
of the surface at any given time. These react upon the cor- 
responding outgoing radiation, which first heats up the lowest 
strata of the atmosphere, or cools it, according to the pre- 
vailing conditions. Strong surface heating by day and cool- 
ing by night is, therefore, the regimen to which these layers 
are subject, and the integral effect of this action in its pas- 
sage through the upper layers, finally builds up the observed 
normal gradients of temperature which by no means produce 
an abiabatic rate of stratification. Temporary convectional 
currents upward by day, downward by night, upward in some 
local areas, downward in other areas, constitute the common 
types of motion due to these causes. The formation of the 
lower cumulus clouds with moderate convection, of thunder- 
storms in strong convection, and of desert sand vortices are 
typical examples of purely surface overheating with vertical 
convection. But there is an entirely different class of vertical 
convection, to which sufficient attention has not been paid 
in meteorological investigations. 

(2) Vertical convection due to the overflow of cold upon warm cur- 
rents of air.—It is evident that the vertical convection in the 
cumulo-nimbus cloud of the Cottage City waterspout could by 
no possibility have been due to the overheating of the surface 
by the incoming solar radiation. The phenomenon occurred 
over the ocean and all the meteorological data of Table 50 show 
that there was actually no superheating effect near the surface 
at that time. The prevailing temperature was 67.5° F., while 
the normal for the month of August at Nantucket was 67.7° 
F.; and the humidity was 64 per cent, while the normal was 84.3 
percent. In fact, the 19th of August, 1896, was the driest day of 
the entire month, and the powerful vertical convection then 
taking place could not have been due to the solar radiation act- 
ing on the surface conditions. We must, therefore, look for 
another efficient principle capable of producing the powerful 
effects shown in the showers preceding the family of water- 
spouts and the thunderstorm with downfall of hail following 
them. This we can readily discover by referring to the weather 
chart of the date, August 19, 1896, fig. 37. 

This map shows that a well-defined area of high pressure 
was just pushing its southeastern front over Vineyard Sound, 
that the winds were from the northwest, and that there was a 
fall in temperature of about 15° along the coast line, due to 
the advance of this cold area. We have, therefore, merely to 
assume, in accordance with the general fact, that the upper 
strata are moving eastward in advance of the lower, and that 
this cold air from the high area was blown forward over Vine- 
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yard Sound earlier in the strata a mile or two high than at 
the surface. 

A sheet of cold air overran the low, warm, and quiet strata about 
midday, while the cold air followed at the surface a few hours later, 
and in these facts we have the exact conditions required to produce 
the observed powerful convection. Such abnormal cooling of the 
higher strata is as efficient in producing vertical convectional 
gradients as a superheating of the surface would be, and the 
evidence that this was the actual case is so good as to render 
it a practical proof of this circumstance. The upper strata 
were cooled suddenly by —12° to —15° F., and this brought 
showers, the waterspouts, and the thunderstorms in close suc- 
cession. These were followed later by cooler conditions at 
the surface, giving a temperature fall from the maximum of 
the day, 72°, to the minimum, 56.5°, at Vineyard Haven. Under 
these conditions all the observed facts find so natural and 
satisfactory an explanation that no further remarks seem to 
be needed to enforce the theory. 

But, it should be noted that this overflow of relatively cold 
layers of air at a moderate elevation upon the warm surface 
layers, this forereaching and temporary stratification causes an 
abnormal system of gradients which produce the vertical cur- 
rents required to set up the motions that tend to reestablish 
the normal equilibrium of the atmosphere. This local disturb- 
ance of the average gradients, due to the fact that the cold 
upper air, under certain configurations of the lower currents, 
is drifted forward upon them, is the primary cause of most of 
the phenomena classified as thunderstorms, tornadoes, cyclones, and 
hurricanes. In short, all these violent local disturbances of 
the lower air are largely due to this cause, and this is the true 
source of the energy expended, though it has been attributed by 
one school of meterologists to the latent heat of condensation, 
and by the other school to the eddies established by differen- 
tial horizontal velocities. These two latter sources of energy 
need not be excluded from consideration, for they contribute 
their quota to the total energy of circulation, but the first 
cause is the abnormal stratification of the air at moderate 
elevations. Thus the groups of thunderstorms which frequent 
the southeastern quadrants of the cyclone are due to the over- 
flowing of the cold northern current upon the warm current 
from the south. Tornadoes have the same origin and their 
location shows that they are due to this cause. The cyclone 
itself is generated by warm currents of air from the Tropics 
underrunning the cold sheet which rotates above the surface 
of the earth, in the hemispherical whirl north of latitude 35°. 

The reason for the outflow of warm currents from the 
Tropics has been indicated in the International Cloud Report, 
chapters 8 and 10; also there will be found in the Monruty 
Wearner Review for January and February, 1903, and in the 
preceding papers of this series, further illustrations and re- 
marks on this theory. The West Indian hurricanes in a simi- 
lar way are produced in the late summer and autumn by the 
overflow of the cool upper sheet from the North American 
Continent upon the warm tropical lower strata, because this 
sheet is then increasing in size with the southward retreat of 
the sun. The withdrawal of the sun to the south in fact 
brings the thermal equator of the higher strata toward the 
geographical equator earlier than that corresponding to the 
lower strata. Hence, relatively cold air from the temperate 
zones at considerable heights, begins to overlay the tropical 
warm and moist lower strata, and this induces the long 
continued vertical convection, localized in the hurricane vor- 
tex, which in its progressive movement may traverse thou- 
sands of miles along its parabolic track. The form of the 
track is due to the influence of the general circulation local- 
ized in centers of action, which builds the south Atlantic 
high area on the ocean and is manifested in the trade winds, 
so that the hurricanes usually gyrate along the edge of this 
special configuration. 
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The power which is expended for days in succession in a 
hurricane is due to the fact that the wide expanse of the upper 
cold sheet covers the temperate zones and overlaps the Tropics 
at moderate heights. As long as this contrast of temperature, 
due to abnormal stratification, continues, there is a sufficient 
source of energy in the resulting thermal engine to produce 
powerful vertical convection currents, and to sustain the 
most violent hurricanes, in which the vortex has a depth of 
several miles in a vertical direction. This theory seems to 
harmonize completely with what is known about the meteor- 
ology of the lower air, and to be such a satisfactory escape 
from the difficulties of (1) the condensation theory and (2) the 
dynamic eddy theory, which have always encountered both 
practical and theoretical objections, that we may expect to 
find confirmation of it in the future development of the 
mechanics of the atmosphere. 


VARIATION IN TEMPERATURE OVER A LIMITED AREA. 
By Prof. Willis I, Milham, Ph, D. Dated Williamstown, Mass., August 4, 1906. 


I. INTRODUCTION. 


The investigation of the variation in temperature over a 
limited area was continued and completed during the winter 
of 1905-6, and the present article contains the results of this 
investigation. The limited area in question is the village of 
Williamstown, Mass., which is about one and one-half miles 
long and three-quarters of a mile wide, and is situated on 
three small knolls in the middle of a larger depression. It 
consists of detached houses, surrounded by ample lawns and 
gardens, and has a diversified surface made up of fairly level 
areas, marked valleys, plenty of running water, and differ- 
ences of elevation amounting to 120 feet. 

One phase of the variation was investigated during the win- 
ter of 1904-5 and the results were published in the Moytuty 
Wearuer Review for July, 1905, Vol. XX XIII, page 305, under 
the title: “The variation in minimum temperatures on still, 
clear nights within the confines of a village”. Here may also 
be found a complete description of the village, together with 
an accurate topographical map. A brief summary of that 
investigation will be useful as a preface for the present article. 
Accurate, self-registering, minimum thermometers of the reg- 
ular Weather Bureau type were mounted in exactly the same 
way and exposed at ten different stations in the village. Aslong 
as the ground was covered with snow, their readings were 
noted whenever a decided fall in temperature occurred during 
the night. The maximum variation noted was 10° F. and the 
average variation for the thirty-six nights on which observa- 
tions were taken was 5.1°. It was furthermore found that the 
variation was much less on a windy night, that it was not 
influenced by the coldness of the night, and that it was great- 
est on two different, carefully described types of nights. It 
was also found that air colder and thus more dense tended to 
drain into the valleys; but elevation was not the all-determin- 
ing factor, for the openness of the valley, its direction, the 
roughness of its surface, and the wind direction also played a 
part. The regularity with which certain stations were either 
warmer or colder than other stations was investigated and it 
was found that one station proved to be quite constantly the 
coldest and another the warmest in the series of ten. 

In order to determine completely the behavior of a limited 
area as regards variation in temperature, two more questions 
must be investigated. These questions are: (1) Does any 
variation in temperature exist during the daytime? (2) Does 
the variation remain constant during a given night, or does it 
change and perhaps grow larger as the time of minimum tem- 
perature approaches? It is the purpose of this article first to 
answer these two questions and then to summarize the results 
and give a complete picture of the behavior of a limited area 
as regards variation in temperature. 
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For the investigation of the above questions two stations 
were chosen, and these were naturally the two which had 
proved themselves to be the warmest and coldest during the 
previous investigation. This choice was determined by the 
consideration that if a variation in temperature over the lim- 
ited area was to be found, it would certainly show itself 
between the stations which had been found to be warmest and 
coldest. These stations have a difference of elevation of 66 feet, 
the elevation of the thermometer at one being 706.5 and at the 
other 640.5 feet. In this article these stations will be spoken 
of as the upper and lower. They correspond exactly to 
station 8 (warmest) and station 7 (coldest) of the previous 
investigation. The upper station is located near the top of a 
knoll and is surrounded by a fairly level field for a few hun- 
dred feet on every side. The lower station is at the bottom of 
a valley, 1700 fee 't northwest of the upper ‘station. The topo- 
graphical map referred to above shows in detail the surround- 
ings of these stations. 

Il. VARIATION IN TEMPERATURE DURING THE DAYTIME. 

The daytime temperatures at the two stations were deter- 
mined by means of an Assmann’s ventilated thermometer made 
by R. Fuess, of Berlin. This instrument is now too well known 
to need description, and can be relied upon to determine the 
real air temperature correctly to at least 0.1° F. evenin bright 
sunshine. The observations made on twelve different days 
during the winter are given in Table 1. Those days in par- 
ticular were chosen when there was plenty of sunshine and the 
wind velocity was small. In fact, the table contains observa- 
tions on every bright, sunny day with small wind velocity as 
long as the ground was covered with snow. If no variation 
can be detected on such days, surely none can be expected 
when the wind velocity is high and the sky is overcast. The 
first column contains the date and time of observation. The 
time indicated is always that for the observation at the lower 
station. The temperature given for the upper station is the 
mean of two temperatures taken the same number of minutes 
before and after the observation at the lower station. These 
two temperatures never differed by more than a few tenths 
of a degree at niost. The wind velocities given in this table, 
and all subsequent tables, were determined by a watch-pattern 
anemometer and also by noting the rapidity of drift of smoke 
from a chimney, or one’s breath, or some light object. The 
anemometer was calibrated by walking with a known speed 
both against and with the wind. The absolute values of these 
wind velocities may be somewhat erroneous, but they will 
nevertheless serve to indicate the relative windiness at the 
different times of observation. The ventilated thermometer 
was held exactly five and one-half feet above the surface of 
the ground in determining a temperature, and the wind 
velocity was observed at this same height. 

TABLE 1.— Temperature observations at two stations in Williamstown, Maas., 


during the daytime. 
Station. Wind Depth 
‘direction | 
Date and time. and veloc- jee Remarks. 
Upper. Lower. ground.” 
1905. oF. | oF. 
Dec, 1, 2:15 p.m. 23.5 23.5 Cloudless ..... Dry, frozen ground. 
Dee, 5. 2:40 p. m.. 25.7 26.0 3} Partly cloudy .| 03 | 
Dee. 13, 2:30 p.m... 37.9 37.9 "3 Overcast ...... 2.0 | Melting snow, 
Dec. 16, 3:00 p.m... 24.8 24.8 Cloudless..... 
906. 

Jan,.10,2:35 p.m...) 20.8 | 20.5 2 Light haze.... 3.0 New snow, 
Jan. 11,2:15 p.m...) 36.5 | 36,5 se., Overcast...... 3.0 
Feb. 3, 3-50 p.m... 12.6 12.9 n., 3 Cloudless..... Trace. 
Feb, 6, 2:40 p. m.. 1.3, 1.8 nw.,2) Cloudless..... 1.0 
Feb. 8,2:40 p.m.... 15.8 16.2 nw.,4 Cloudless ..... 1.0 
Feb.17,2:15 p.m... 31.8 31.8 nw.,2  Cloudless..... 13.0 
March 14,2:45 p.m. 25,0 25.2 nw.,5 Cloudless ..... Trace. 
March 24,2:15p.m, 23.4 24.3 nw.,3  Cloudless. 5.0 


It will be seen that the variation is extremely small. The 
largest value is 0.9° and the average for the twelve days is 
0.19°, the lower station being the warmer. If the three days 


MONTHLY WEATHER REVIEW. 


371 


are excluded when there was only a trace of snow upon the 
ground, the average variation is 0.20°. The higher tempera- 
ture on the part of the lower station is analogous to what is 
found on a much larger scale in connection with mountain 
and valley stations. Wind velocity is much greater during 
the day than at night, and convection is operative only during 
the daytime. It would seem that these two processes are suf- 
ficient to so thoroughly mix the lower layers of the air that a 
variation in temperature over a limited area during the day- 
time is hardly to be detected. In considering the amount of 
the variation found on these days it must be noted that these 
are extreme cases. In the first place, the warmest and coldest 
stations in the limited area were chosen; secondly, those days 
were chosen when the variation would be largest; and finally, 
the observations were taken at the most favorable time of day 
for a variation. 

III. VARIATION IN TEMPERATURE DURING THE THREE TYPES OF NIGHTS. 

Thetwothermometers used to determine the temperature dur- 
ing the night and the minimum temperatures were self-regis- 
tering, minimum, alcohol thermometers of the regular Weather 
Bureau type. In order to eliminate the possibility of inac- 
curacies in the thermometers as the cause of the variations 
noted, the following precautions were taken: (1) The two ther- 
mometers were wrapped up together in cloth and placed ina 
room where the temperature was nearly constant. At the end 
of several hours the two thermometers indicated the same 
temperature. This was done at the beginning and end of the 
experiment and for several different temperatures. (2) The 
thermometers were read on several different occasions during 
a high wind while the temperature was nearly stationary, either 
at night or when the sky was overcast. No difference was 
found on such occasions. (3) The two thermometers were 
frequently interchanged. 

The use of identical thermometers is absolutely essential. 
Two thermometers of radically different form and construc- 
tion may indicate the same temperature when wrapped up to- 
gether in a constant temperature room, and yet when exposed 
in the open at night they may, in extreme cases, show a differ- 
ence of even several degrees. The thermometers were mounted 
on unpainted pine boards about eighteen inches long and seven 
inches wide, and were exposed in the open, without a shelter 
of any kind, exactly five and one-half feet from the surface of 
the ground. They were exposed on the northwest side of 
small trees, at least twenty-five feet from the nearest building, 
and with a much larger clear space on the northwest side. 
Most of the observations were taken over a snow surface. 
Absolute identity of thermometer, mounting, exposure, and 
surface can not be emphasized too strongly, for many of the 
reported variations in temperature over limited areas are due 
simply to the fact that the thermometers, although accurate, 
are different, or are mounted and exposed in a different way. 
These thermometers do not, of course, indicate the real air 
temperature, even at night when exposed in the open. Owing 
to radiation their indications may be anywhere from a small 
fraction of a degree to, in extreme cases, several degrees below 
(never above) the real air temperature. When two identical 
instruments are mounted and exposed in the same way, it can 
be safely assumed that both are affected alike, and read the 
same amount below the real air temperature. 

From December until April there were twenty-one nights 
during which variations in temperature betwen the two sta- 
tions occurred. It was found that these nights could be di- 
vided into three groups, each with marked characteristics of 
its own. The observations for the eleven nights of the first 
type are given in full in Table 2. The first column contains 
the date and time of observation. The time indicated is always 
that for the observation at the lower station. The thermome- 
ter at the upper station was always read the same number of 
minutes before and after the observation at the lower station, 
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and the temperature given for the upper station is the mean 
of these two readings. The method of obtaining the wind 
velocities was explained above. 


TABLE 2.— Temperature observations at two stations in Williamstown, Mass., 


during nights of the firat type. 
TYPE L. 
Station. Wind Depth 
direction 
Date and time. “and veloc of of Remarks. 
t 
Upper. ‘Lower. ground. 
18 Cloudl Dry, froze a. 
° nw. oudiess ..... groun 
523p.m| 129| 125 16 Cloudless..... 0.0 
€10:32p.m' 9.2 9.0 now., 10 Cloudless 0.0 
— ray | 6.5 5.3 ow., 3 Cloudless..... 0.0 Minimum at sunrise. 
1906. 
Feb. 23, 5:20pm 0.9 1.0 now. 15 Cloudless..... 0.3 
10:00 p.m — 0.5 0.0 now., 10 Cloudless..... 0.3 Wind gusty. 
—7.5 —80 nw., 3 Cloudless..... 0.3 at sunrise. 
Feb, 56, 7:30pm 3.3 3.5 nw., 12 Cloudless. ... 2.0 
10:40p.m— 1.8 —1.5 now., 4 Cloudless..... 2.0 
—10.8 —13.7 nw., 1 Cloudless..... 2.0 Minimum atsunrise. 
Feb.10-11, 5:30p.m 20.9 21.0 nw., 10 tae | cloudy 11.0 
10:55p.m 12.0 12.2 nw., 10 Cloudless..... 11,0 
—10.5 —18.0 0 Cloudless..... 11.0 Minimum at sunrise. 
Feb.15-16, 5:50pm 9.0 9.0 12 Overcast...... 14.0 
8:35pm 7.4 7.5 now., 4 Overcast...... 14.0 
10:45p.m 5.2 5.2 now., 3 Overcast...... 14.0 
—10.9 —20.0 0 Cloudless..... 14.0 Minimum at sunrise. 
Feb. 22-23, 5:50p.m 2.3 29.5 nw., 12 Cloudless..... Trace. Snow in patches 
10:36p.m 245 245 nw., 3 Cloudless,.... Trace. dirty. 
ins 18.0 14.0 nw., 1 Cloudless..... Trace. Minimum atsunrise. 
Mar. pm 184 180 nw., 1) Cloudless..... Trace. 
140 13.0 nw., | Cloudlese..... Trace. 
11.9 8.5 0 Overcast...... Trace. Minimum at 3 a.m, 
Mar. 183.0 180 ow., 8 Cloudless..... 4.0 New snow. 
15.0 6.0 now., 6 Cloudy........ 4.0 
7.56 — 1.0 0 Cloudless ..... 4.0 Minimum at sunrise. 
Mar. 18-19, 7:40pm 20.0 20.0 nw., 3 Cloudiess..... 3.0 
‘10:40 pm 16.0 8.0 0 Cloudless..... 3.0 
7.2 —20 0 Cloudless.... 3.0 Minimum at sunrise. 
Mar. 5:50p.m 17.1 17.0 nw., 7 Cloudless..... 6.0 
11:00p.m, 13.0 13.0 nw., 4) Cloudless..... 6.0 Wind gusty. 
7.8 7.7) nw., | Cloudless.... 6.0 Minimum at sunrise. 
Mar, 23-24, 6:40p.m 13.0 13.0, nw., 10 | Cloudless...... 5.0 
10:35p.m 90) nw. Cloudless.. 0 
Min... —29|-105 | Cloudless ...... 0 Minimum at sunrise. 
6PM. 8PM 10PM. 12M. 2AM. 4AM. 6AM. 
~ 
= 
—Mareh 23-24 
Fro 2.—February 8-9 
20 
a 16 
| Pro. 3.—February 11-12. 


Temperature variations. 


The chief characteristics of this type of night are these: 
Just « fter sunset the wind would be from the northwest with 
a fairly large velocity, in one case as high as eighteen miles 
per hour. The sky would often be cloudless, but sometimes 
overcast or partly cloudy. During the night the wind would 
die down and the sky become clearer. By sunrise, or a little 
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before, when the minimum of temperature usually occurred, 
the wind would be blowing with a velocity of three miles per 
hour, or less, and the sky would be cloudless. Often the wind 
would die down to an absolute calm. As long as the wind 
velocity remained about three miles per hour, or more, the two 
stations would show but little variation in temperature. The 
lower station would often be a small fraction of a degree 
warmer than the upper station. As soon as the wind velocity 
fell below about three miles per hour, the variation would 
begin to appear, and would steadily increase with the dying 
down of the wind until the time of minimum temperature, 
when the lower station was always much colder than the upper. 
In one case (March 19) the difference was 9.2°. The night of 
March 23—24 is a very characteristic night of this first type, 
and the observations are printed in black-faced type in Table 
2. In fig. 1 these observations are plotted to scale and show 
graphically the behavior of a limited area during this type of 
night. 

The observations for the eight nightsof the second type are 
given in full in Table 3. 


TABLE 3. — Temperature observations at two stations in Williamstown, Mass.., 
during nights of the second type. 


TY PE It. 
Station. Wind Depth 
direction P 
Date and time. and veloc- by or of of al Remarks. 
Upper. Lower. ground, 
1905, oF, oF, Inches. 
Dec, 1-2, 5:15p.m) 17.8/ 15.0 se, 1 Cloudless..... 0.0 Dry, frozen ground. 
10:30p.m) 15.0) 13.0 se, Light haze... 0.0 
Min 14.5 | 12.5 se, + Light haze... 0.0 Minimum, 12:15 a.m. 
1 
Jan. 10-11, 5:12p.m) 16.8) 11.5 se, § Cloudless..... 3.0 New snow. 
8:25p.m) 12.0 8.0 se., } Cloudless ..... 3.0 
10:40p.m) 13.3 8.0 se, Cloudlegs..... 3.0 
10:25 p.m|— 3.1 |—8.0 s., Cloudless...... 1.0 
Cloudless ..... 1.0 Minimum at sunrise. 
Feb. 16-17, ‘5: 5Op.m) 15.0 5.5 0 Cloudless..... 14.0 
‘I: 1.3 |—11.0 se, Cloudless..... 14.0 
— 8.8 |—17.0 0 Cloudless ..... 14.0 Minimum at sunrise. 
Feb. 17-18, 44 m 14.5 5.0 se, Cloudless..... 13. 
05p.m| 8.8 2.0 se, Cloudless..... 13.7 
6.5 |\— 3.0 se., Cloudless ..... 13.0 Minimum at 1 a.m. 
Stationary temper- 
— until morn- 
ng. 
5p.m| 13.5) 11.5 > ow., Light haze.... 0.5 
18.2] 11.2| se, Overcast...... 0.5 Minimum at 1 a, m. 
Mar. 24-25, 6:05p.m) 20.0| 17.0 nw., 2 Cloudless..... 5.0 
10:50p.m| 43'—3.0) se, Cloudless..... 
nee — 6.0 —12.8 | 0 Cloudless ..... 5.0 Minimum at sunrise. 
Mar. 25-26, m "27.8 22.0 0 Cloudless ..... 3.0 
45p.m| 16.0 9.2) Cloudless. ... 30 
Beeoccencsncss 12.2 6.0 | 0 Overcast...... 3.0 Minimum at sunrise. 


The chief characteristics of this type of nights were these: 
During the whole night from sunset to sunrise the wind veloc- 
ity was very small. In fact it never exceeded two miles per 
hour during any one of these eight nights, and it was usually 
much less than one mile per hour. The wind direction was 
not uniform, sometimes from the northwest and sometimes 
from the southeast or south. The sky was usually cloudless, 
although it sometimes became hazy or overcast before morn- 
ing. Within an hour after sunset a marked variation in tem- 
perature between the two stations was observed, and this 
variation remained nearly constant during the entire night. 
The night of February 8—9 is perhaps the most characteristic 
of this group and the observations have been printed in black- 
faced type in Table 3 and are plotted to scale in fig. 2. 

There were only two nights of the third type during the 
winter, and the observations for these two are given in full in 
Table 4. 

The change in wind direction is the most characteristic 
thing about this type of night. In the early evening the wind 
would be blowing from the northwest with small velocity. It 
would then die down toa calm in a few hours, change direction 
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to the southeast and increase again in velocity. The min- 
imum of temperature always came early in the night. The night 
of February 11-12 is a particularly fine example of this type. 
The observations are printed in black-faced type in Table 4, 
and fig. 3 shows them plotted to scale. Several things in 
connection with this night are worthy of notice. The minimum 
temperature at the upper station occurred about two hours 
earlier than at the lower station. This means that the increas- 
ing southeast wind replaced the air at the upper station with 
warmer air, and thus caused a rise in temperature two hours 
before it was able to remove the pocket of cold air from the 
lower station. The variation in the minimum temperature on 
this night was the largest of the winter and amounted to 11.5°. 
This is 1.5° larger than the largest variation noted during the 
winter of 1904-5. Although the minimum temperatures dif- 
fered by 11.5°, at 8:10 p. m. there was a difference in tem- 
perature of 16.3° between the two stations. 


TABLE 4. — Temperature observations at two stations in Williamstown, Maas , 
during nights of the third type. 


TYPE IIL. 
Station. Wind | Depth | 
direction pth | 
Date and time. and veloc- of Remarks. 
Upper. | Lower. hour ground, 
— : 
1906. on, | Inches, 
Feb. 7-8, 5:45p.m/— 3.0/—3.0/ nw., Cloudless..... 
8:00 p.m|— 6.8 — 6.5 nw., 2) Cloudless ..... | 1.0) 
—11.0 —15.0  nw., 0 Cloudless ..... 1.0 Minimum about 
11:40 p.m|— 7.5 |— 7.5 | se., Overcast...... 10 10pm Went 
| | steadily up with 
| no variation and 
| | increasing wind. 
Feb, 11-12, 5:10p.m) 13.0 40 nw., & | Cloudless...... 10 . 
station. 
8:10p.m) 14.8 se, Cloudless..... 10.0) 
| station. 
10:30p.m) 17.3 se. Partly cloudy... 10.0. 


As was stated above, a variation in temperature was detected 
on twenty-one nights, and the nights have been divided into 
three groups, each with marked characteristics of its own. 
During all other nights the wind velocity remained above three 
miles per hour, and it was often stormy or cloudy in addition. 
Many observations were made at odd times during such nights, 
but a variation as large as 1° was never detected. During the 
early morning following a night when a variation in tempera- 
ture had existed the lower station would become warmer more 
rapidly than the upper station, so that within an hour or two 
after sunrise no appreciable variation could be found. This 
was frequently tested by means of the ventilated thermometer 
in the early morning an hour or two after sunrise. 

Wind direction and velocity are the distinguishing charac- 
teristics of the three types of nights which have just been 
described. During a night of the first type the wind has a 
fairly high velocity during the first part of the night; it then 
dies down to a small velocity or an absolute calm without 
changing direction. During a night of the second type the 
wind velocity remains very small during the entire night. 
During a night of the third type the wind is from one direc- 
tion, with a small velocity in the early evening; it quickly dies 
down to a calm, changes to the opposite direction, and 
increases in velocity again. These facts have been restated 
here to emphasize the importance of wind velocity. For the lim- 
ited area under investigation, namely, the village of Williams- 
town, the critical value of wind velocity seems to be about 
three miles per hour. As long as wind velocity has a greater 
value than this no variation of any amount can be found; but 
as soon as it sinks below this value the variation makes its 
appearance, and its change during the night depends upon 
the type of night, or, in other words, depends upon the change 
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in wind direction and velocity during the night. The cause 
of variation in temperature is the interaction of the wind and 
the drainage of cooler, and thus more dense, air into the val- 
leys. This drainage of cooler air tends to give the places of 
less elevation a lower temperature. The wind tends to remove 
this cooler air and mix it with other masses of air, thus main- 
taining a uniform temperature over the limited area. The 
ability of the wind to remove this cooler air depends, apart 
from its velocity, upon the direction of the valley, the direction 
of the wind, the openness of the valley, and the roughness of 
its sides. It will thus be seen that, in general, places of less 
elevation should have a lower temperature at night, but it will 
also be seen that elevation is not the all-determining factor. 
On a topographical map of a limited area which had never been 
investigated, the warmer and colder stations could probably 
be located with a fair degree of certainty, but the points 
could not be arranged in order of coldness depending upon 
elevation alone. 
IV. SUMMARY. 

Whenever, in this or the former article, mention has been 
made of a limited area, the village of Williamstown has been 
the particular limited area to which reference has always been 
made. The results which have been obtained by investigating 
this particular limited area for two winters can, however, be 
generalized so that the behavior of any limited area.as regards 
variation in temperature can be stated. A limited area, in 
general, can perhaps be best defined as a square mile of sur- 
face roughly in the form of a circle or square. During the 
daytime, on account of convection and the higher values of 
wind velocity, no appreciable variation in temperature over a 
limited area will be found. On some particularly favorable 
days, namely, those with plenty of sunshine and low wind 
velocity, the lower stations (particularly those in narrow val- 
leys) may be a few tenths of a degree warmer than the upper 
stations. At night the existence of a variation will depend 
almost entirely upon the velocity of the wind. For every 
limited area there will be a critical value of wind velocity. 
For all ordinary limited areas it will probably not be far from 
three miles an hour. As long as the wind velocity remains 
larger than this, no variation in temperature will be found. 
As soon as the wind velocity sinks below this critical value a 
variation will begin to be manifest. The change in this vari- 
ation during the night will depend upon the type of night, and 
three types of nights, each with marked characteristics of its 
own, can be distinguished. These three types of nights have 
been fully described above. The maximum variation which 
may be expected for an ordinary limited area is from 10° to 
15° F. This, however, might vary considerably with different 
limited areas. All the stations in a limited area can be ar- 
ranged in a series representing their relative coldness, the 
lower or valley stations being the colder, and the upper sta- 
tions the warmer. This series should be determined by ob- 
servations, however, as elevation is not the all-determining 
factor. A good idea of which stations should be the colder 
can be determined from a topographical map of the area. 

V. PRACTICAL CONSIDERATIONS. 

All temperature data, such as the normal daily, monthly, 
and yearly temperature, the different values of range, etc., are 
now computed from the maximum and minimum temperatures 
which are observed at the station in question. Suppose that 
two stations had been established, one at the warmest and 
another at the coldest point in Williamstown; the normal 
yearly temperature, for example, at these two stations would 
show a difference of probably more than a degree, and the 
values of range would show a difference of several times that 
amount. The point to emphasize is the effect on climatologi- 
cal data of the choice of a station within a limited area. It is 
often stated that for climatological data and charts, the re- 
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sults of observations made at cooperative stations of the 
Weather Bureau, which are usually located in a village or 
small city, are to be preferred to those made at regular 
Weather Bureau stations, as these are usually located in large 
and growing cities. Very little is usually known of the limited 
area which surrounds a cooperative station, and yet the choice 
of location in such an area would probably affect the data as 
much as the presence of a city. 

In order to investigate the effect of a city on regular sta- 
tions and get more accurate climatological data, a substation 
just outside the city is now often maintained. It would seem 
that still more valuable information would be gained if the 
limited area about such a substation were investigated for two 
or three years and then two stations established, one at the 
warmest and the other at the coldest point. 


MONTHLY REVIEW OF THE PROGRESS OF CLIMA- 
TOLOGY THROUGHOUT THE WORLD. 


By Tatman, U. 8. Weather Bureau. 


CHARTS SHOWING THE DISTRIBUTION OF CLIMATOLOGICAL STATIONS. 

Next to a complete climatological dictionary, or compilation 
of climatic normals for the world, perhaps the greatest de- 
sideratum in the way of climatological literature is an atlas 
and gazetteer of meteorological stations.’ Charts showing the 
distribution of stations of all orders are especially desirable, 
as they enable one to determine exactly, at a glance, at what 
wm on the earth’s surface climatological observations are 

ing carried on. Such charts are published by a few, but 
only a few, of the climatological services of the world, in con- 
nection with their periodical reports. (For the United States 
they are published in the annual summaries of the section 
reports issued by the Climatological Service of the Weather 
Bureau.) 

With the approval of the Editor of the Monraty Wearner 
Review the writer intends to include in this column, from 
month to month, sketch maps showing the location of mete- 
orological stations in various countries, especially those in 
which meteorological work on an extensive scale has but 
recently begun. Space will not generally permit lists of the 
stations to be included, nor any detailed statistics concerning 
them, but it is hoped that the charts alone will prove an ac- 
ceptable contribution to climatology. In some cases these 
charts will be reprints of those that appear in various foreign 
publications to which but few readers of the Review have ac- 
cess; but more often they will be especially prepared for the 
Review, on the basis of the most recent information obtainable, 
by correspondence and otherwise. 

We begin the series with the chart accompanying the fol- 
lowing note. 

A NEW CLIMATOLOGICAL SERVICE IN SICILY. 

Following the example of the observatories of Palermo and 
Catania, which have established numerous thermopluviome- 
tric stations in their respective provinces, the observatory of 
Messina has inaugurated a network of such stations in the 
province of Messina. Their distribution is shown by the ac- 
ere chart, fig. 1. The greater part of these stations 
began their observations January 1, 1906, and the results are 
to be published hereafter in the Annuario of the observatory 
of Messina. 

The director of this service, and of the observatory, is the 
well-known meteorologist, geophysicist, and astrophysicist, 

' An ideal work of this character would include former stations as well 
as those now in operation, providing they furnished trustworthy obser- 
vations for a reasonably long period. (For the latter no absolute limit 
should be fixed. A station in the heart of Asia represented by six 
months of observations would be well worth including; whereas in Ger- 
many, with its 3000 stations, those having less than two years of ob- 
servations could very well be ignored, if no longer in operation.) The 
work would then have a permanent value, regardless of the changes that 
are constantly taking place in the distribution of stations. 
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G. B. Rizzo. Since 1904 the observatory has formed a part 
of the Royal University of Messina. 
THE CLIMATOLOGICAL ATLAS OF INDIA.” 

The appearance of this work has been awaited with general 
interest by the meteorological world since the publication, in 
Indian Meteorological Memoirs, vol. 17 (Calcutta, 1904), of the 
numerical data upon which it is based, accompanied by the 
announcement that the publication of the atlas had been sanc- 
tioned by the government of India. Now that the atlas is 
before us, we learn that a Handbook of the Meteorology of 
India is in preparation, which, with the atlas, will form a com- 
plete work, each part supplementing the other, and be a record 
of the more important results of meteorological observation 
and investigation in India during the period 1876-1900. 

The Climatological Atlas of India takes its place beside 
Hellmann's rainfall volumes for Germany (see July Review, p. 
328), as one of the two great contributions to geographical 
climatology that have appeared so far this year. As to the 
authoritative character of this work and the excellence of its 
mechanical execution, it need only be said that its author is 
Sir John Eliot, the late meteorological reporter to the govern- 
ment of India, and the publishers are Messrs. Bartholomew « 
Co., who produced the beautiful Bartholomew-Herbertson- 
Buchan Atlas of Meteorology (Bartholomew’s Physical Atlas, 
vol. 3). 

In order to see how much of an advance the new atlas rep- 
resents in the graphical presentation of Indian climate, the 
writer has compared the charts of pressure and temperature, 
respectively, with Buchan’s pressure charts of the globe in 
the Challenger Report (1889, reprinted on a small scale in 
Bartholomew's Atlas of Meteorology, 1899) and Buchan’s iso- 
thermal charts for India in Bartholomew's Atlas of Meteorol- 
ogy, plate 9 (based on manuscript maps prepared for the 
Challenger Report). On the July pressure charts it is noted 
that the heart of the Asiatic summer “low ” lies well up the 
Indus Valley, instead of along the northern shore of the 
Arabian Sea, where Buchan puts it. There are many other 
important readjustments of the isobars, especially in northern 
India. It is noticed, however, that on the large plates (7-10), 
showing the distribution of pressure over southern Asia and 
the Indian Ocean, Buchan’s isobars have been copied exactly, 
except over India itself, so that these plates hardly represent 
the most recent knowledge of pressure distribution over the 
Indian monsoon area. The isothermal charts in many places 
differ strikingly from Buchan’s, and show how greatly the 
latter stood in need of revision in the light of recently 
accumulated data. 

Besides the 120 plates embraced in this work, representing 
the normal distribution and fluctuations of all the principal 
meteorological elements over India, there are 32 folio pages 
of letter-press, containing, among other things, the best brief 
history of meteorological work in India that has yet appeared 

THE FOGS OF RUWENZORI. 

That this much talked of mountain baffled the efforts of 
some of the world’s most expert mountaineers to scale its 
loftier summits until the present summer, when the feat was 
accomplished by the Duke of the Abruzzi, was not due to the 
configuration of the mountain, which appears to offer no dif- 
ficulties not easily surmountable by the ordinary expedients 
of mountaineering, but to the fog or cloud in which the upper 
levels are almost constantly enwrapped. 

Lieutenant Behrens, R. E., writing on “The snow peaks of 
Ruwenzori”’, in the Geographical Journal for July, says: 

Though for nine months in a neighborhood from which, on most 


days, Ruwenzori might have been visible from my tent, F saw it only 
seven times, and then only for a few minutes just after sunrise. So 


?India. Meteorological Department. Climatological Atlas of India, 
published by the authority of the government of India under the direc- 
tion of Sir John Eliot. Edinburgh, 19v6. 
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Fig. 1.—Climatological stations in the province of Messina, Sicily. 


fleeting were the chances of observing, between the time when it was 
light enough to see and when the clouds covered the peaks in rising 
mist, that I only once had time to sketch the range, and once again to 
observe all the five peaks visible. On the five other occasions there 
was only time to observe the two highest points, while many a time, 
when the instrument had been placed in position and the telescope di- 
rected to the mountain, it was only to see the first cloud covering the 
coveted pinnacles. And all this in spite of a daily watch being kept at 
dawn to apprise me of even the possibility of seeing the mountain. 


Mr. Douglas Freshfield, in the Alpine Journal for February 
and May, 1906, also bears witness to the ‘meteorological diffi- 
culties in the way of an ascent of this mountain, which he 
vainly attempted last year. 

The most favorable months for climbing are said by the 
natives to be January and July. This, of course, is due to the 
fact that, as Ruwenzori lies very near the equator, the equatorial 
rain belt is to the north of it in summer and to the south of it 


in winter, following the apparent movement of the sun. 


Several rainfall stations have been established in the vicinity 
of Ruwenzori by the British authorities, and we shall soon 
know more about the meteorology of this interesting mountain. 
RAINFALL OF THE BRITISH CENTRAL AFRICA PROTECTORATE (NYASALAND). 

The Colonial Report for the British Central Africa Protec- 
torate for the year 1904-5 (Colonial Reports—Annual. No. 
472) contains statistics regarding the normal annual rainfall 
of that region. It appears that four distinct areas exist as to 
rainfall. Division No. 1, embracing the south and southeast- 
ern slopes of Mlanje, has an average yearly rainfall of 107.56 
inches. Division No. 2, embracing the Shire Highlands from 
north Mlanje to Blantyre, Angoniland and west Nyasa up to 


Mombera’s country, has an annual rainfall of 50.17 inches. 
Division No. 3, including the whole of the lower and upper 
Shire area from Port Herald to Fort Johnston, has a normal 
precipitation of 35.12 inches. Division No. 4, extending along 
west Nyasa from Nkata Bay northward to Kondowi, Nyika 
Plateau and Karonga, has a normal yearly rainfall of 76.54 
inches. 

Rainfall reports are now received at Zomba from 40 stations 
in the protectorate. Normal climatological stations (as the 
British call second order stations) exist at Fort Johnston, 
Zomba, Chinde, and Livingstonia. It was hoped to place 
barometers at Blantyre, on Zomba and Mlanje mountains, and 
one at Nkata Bay during 1905. 


CLIMATOLOGICAL WORK IN NORTHERN NIGERIA. 


From a meteorological point of view Northern Nigeria is 
one of the least known of the protectorates of the European 
powers in Africa. It is, therefore, gratifying to learn from a 
recent Colonial Report (Annual No. 476, Northern Nigeria. 
Report for 1904) that meteorological stations have now been 
opened at every provincial headquarters in the protectorate. 
As Northern Nigeria is divided into 17 provinces, we take this 
to mean that 17 stations, widely distributed, are now furnish- 
ing climatological data, which will hereafter be summarized in 
the publications of the Colonial Office. The stations previously 
existing were Zungeru, Lokoja, and Yola. 

The rainfall was very deficient in 1904, and in consequence 
the Niger was lower in the early part of 1905 than (it is said) 
had ever before been known in the memory of anyone. 
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PROFESSOR HENRY’S “CLIMATOLOGY OF THE UNITED STATES 

In a paper entitled “A Climatological Dictionary for the 
United States”, communicated to the Eighth International Geo- 
graphic Congress, in 1904, Prof. A. J. Henry, of the United 
States Weather Bureau, announced that the Bureau was pre- 

aring for publication a volume of climatic statistics for the 

nited States, embodying the principal data available from 
every State and Territory. No large, comprehensive work of 
this character, covering the whole of the United States, had 
been published since Blodget’s “Climatology of the United 
States” (1857), Coffin’s “ Winds of the Northern Hemisphere ” 
(1853) and “ Winds of the Globe ” (1876), and Schott’s precip- 
itation tables (2d ed., 1881) and temperature tables (1876). 

This work is now in the hands of the printer, and is expected 
to appear about the middle of December, 1906. 

Introductory chapters discuss the broader features of the 
climate, the latter term being used in the wide sense that in- 
cludes typical as well as average weather, the cyclonic and 
anticyclonic control, and something of weather chronology— 
notable storms, hot and cold waves, dry and wet seasons, etc. 
This section extends to 84 pages, and is written in a style cal- 
culated to hold the attention of the general reader as well as 
the special student of climatology. 

Pages 85-112 comprise summary tables of normal tempera- 
ture, precipitation, humidity, sunshine, and wind for regular 
Weather Bureau stations. 

The remainder of the work, which is not quite all in type at 
this writing, will be made up of the individual climatic tables 
for 686 stations. The stations are grouped by States, except 
that the New England States are treated together, as are Mary- 
land and Delaware. The groups, therefore, correspond with 
the sections of the Climatological Service of the Weather 
Bureau, and the official in charge of each section contributes 
a sketch of the climate of hisown district. The climatic data for 
each station occupy one page, and comprise uniformly a brief 
history and description of the station, a table of monthly, 
seasonal, and annual means, and a table giving the dates of 
abnormally high and low temperatures that have occurred 
during the period of observation. 

The volume will contain about 1000 quarto pages, and 
upwards of thirty plates. 


THE FIRST DAILY WEATHER MAPS FROM CHINA. 
By C. Firzuven Tauman, U. 8S. Weather Bureau. 

Thanks to the public spirit of the great telegraph companies 
of the Far East, the observatories of Zi-ka-wei and Hongkong 
have for many years received daily meteorological telegrams, 
free of charge,’ from a large number of points in China, Sibe- 
ria, Japan, the Philippines, and Indo-China, and have thus 
been enabled to conduct a very successful storm-warning ser- 
vice, which is highly appreciated by the navigators of eastern 
seas. The approach of storms is announced by signal at a 
number of stations along the China coast, besides being com- 
municated directly by telegraph to such masters of vessels as 
request the information. (The increasing extent to which this 
service is utilized is shown by the number of telegraphic re- 
quests for forecasts received at Zi-ka-wei Observatory from 


naval vessels alone, during three recent years; viz.: 1901, 75; © 


1902, 127; 1903, 184.) 

In addition to its storm-warning service, Hongkong Obser- 
vatory has long published a daily weather report, the “China 
Coast Meteorological Register”, which gives in tabular form the 


‘Henry, Alfred Judson. Climatology of the United States. Wash- 
ington: Government Printing Office, 1906. (United States Weather 
Bureau. Bulletin Q.) 

'In 1899 the director of Hongkong Observatory estimated that the 
telegrams furnished gratuitously to that observatory by the Eastern 
Extension and Great Northern Telegraph companies would, if paid for, 
amount to $250,000 a year. The entire amount allowed by the govern- 
ment for the maintenance of the observatory is only $7,500 a year. 
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observations made at the various reporting stations on the 
day of issue, together with a weather synopsis and a forecast. 

It remained, however, for Zi-ka-wei Observatory to under- 
take the publication of a daily weather map for China. The 
first number of this publication is dated July 1, 1906. 

This newest of daily weather maps consists of a printed 
base chart of eastern Asia, on which are stenciled isobars and 
wind arrows, while on the back of the chart appear the nu- 
merical returns of observations at the reporting stations and 
a synopsis of the weather conditions throughout the Far East. 
The size of the sheet is 9 by 11} inches. 

The accompanying chart (fig. 1) shows the location of all 
stations for which observations are tabulated. It will be seen 
that the field of observation embraces, in a general way, the 
whole of eastern Asia, including Japan and the Philippine 
Islands. The stations are, however, very unevenly distributed 
over this territory. Of the continental stations the great 
majority are situated along the coast and the Yangtze Valley. 
these being mostly stations of the Imperial Maritime Customs, 
located at the treaty ports. It is somewhat surprising that 
no reports are published from Korea, as excellent stations 
now exist in that country, under the direction of the meteoro- 
logical service of Japan. Far to the northwest are the stations 
of Tomsk, Irkutsk, Troitskosavsk, and Chita, belonging to the 
Russian service, which is further represented by the stations 
at Vladivostok and Nikolaievsk, on the eastern seaboard. 
Japan, including Formosa, the Pescadores, etc., is represented 
by fourteen stations, while the Philippine Weather Bureau 
contributes reports from the three stations at Aparri, Legaspi, 


and Manila. 


ro f 


Fic. 1.—Stations on the Zi-ka-wei weather map. 


In most of the inland provinces of China, and in the vast 
territories of Tibet, East Turkestan and Mongolia, meteoro- 
logical work has hardly yet begun; hence these regions con- 
tribute nothing to the Chinese weather map. This lack of 
data from the west must be keenly felt by the forecasters of 
China, Japan, and the Philippines, as a majority of cyclonic 
disturbances on the China coast proceed from the interior of 


. 


- 
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the continent, especially during the winter months.’ Ty- 
phoons, the chief object of the forecaster’s solicitude in the 
Far East, reach China from the eastward, after traversing a 
region that is now fairly well under observation; but even 
these depressions must be largely conditioned, in their inten- 
sity, direction, and rate of progress, by fluctuations in the 
pressure to the west of the present field of observation. 


WHAT IS RESEARCH ? 


The following excellent remarks, by the editor of the Ex- 
periment Station Record,' apply so well to meteorology that 
we take the liberty of quoting them, and inviting our readers 
to give us their own ideas as to what constitutes research. 


The outlining of plans for agricultural work under the Adams act has 
led to greater consideration of what should be regarded as research in 
agriculture. The terms ‘‘research’’ and ‘investigation’ have been 
used freely in reference to experiment station work, and often more 
broadly than they are employed in science generally. We have fallen 
into the habit of speaking of much of the work as investigation, which 
in a strict sense can not be regarded as of that grade. * * 

There are several reasons which contribute to this uncertainty in the 
use of terms. Agriculture is a new science. Our knowledge is not as 
well systematized and classified, and the problems for research are not 
so definitely outlined as they are in the older sciences. Being a compo- 
site science, it has been built up on the basis of the pure and natural 
sciences. It has drawn upon these for many facts, which have been 
given a scientific or a practical application in agriculture. Important as 
this application may be, it is not always to be regarded as research or 
scientific discovery. * * 

Again, the needs of sateen practise have frequently blinded sta- 
tion workers, and led them to mistake for investigation, tests and demon- 
strations or simple experiments involving no original features, but which 
led to an answer to the farmer's question. They have been flooded with 
practical questions, and have set out to answer these questions in the 
most direct and quickest way. * * * 

Hence it is that much of our experimental work has given results 
which are largely empirical. We find that if we follow a certain pro- 
gram of operations we will get a given result quite constantly. * * * 
The experimenter often sees only the final result, and is satisfied with 
this if it is favorable. The investigator will strive to determine the 
cause of what he sees and the broader bearings of the results of his ex- 
periments. This will stimulate him to make investigations into these 
problems which will go down to the fundamental facts and enable him 
to prove his proposition step by step. 

These differences in the use of terms, which have grown up as aresult 
of circumstances and environment, make it desirable that we should 
discriminate carefully and intelligently in applying the funds under a 
new act which restricts them to investigation. * * 

For example, there was much experimenting upon the use of lime for 
land. Applications to some soils gave beneficial results, while on others 
there appeared to be no benefit, and it was thought by some to exhaust 
the soil and to be ill advised. A few years ago this represented the 
status of knowledge and experimentation. The results and the practise 
were entirely empirical. The lime was usually not needed by the crops 
themselves, although it benefited them, but the purpose it served was 
not known, and there was no way of reasoning whether or not in a par- 
ticular case lime would be helpful or its use advisable. Soil tests were 
relied upon for this purpose, and while they might be regarded as ex- 
periments, yet in themselves they did not comprise an investigation. 

There were research problems which experience and these experi- 
ments had suggested, and after a while these problems became the sub- 
ject of investigation. The effect of lime in correcting an acid condition 
of the soil was observed; the relations of this changed reaction to the 
biological factors of the soil were worked out; and gradually from these 
and other facts a basis was formed for the philosophy of liming. 
Through research the knowledge of this common practise had been 


?The relative number of storms reaching the China coast from the 
eastward and the westward is shown by the following statistics for the 
six years 1893-1898, as given by Father Froc in his ‘‘ Atmosphere in the 
Far East during the six cold months ** and ‘‘Atmosphere inthe Far East 
during the six warm months.’’ (Shanghai Meteorological Society. 
Seventh and eighth annual reports. ) 
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made ‘‘ accurate and precise ’’, and this accuracy and precision had been 
‘*translated into action’. * * * 

In feeding work the case is often on much thesame plane. For example, 
we make a comparison of wheat bran and gluten meal for milk produc- 
tion. One of these feeds gives the better result, as measured by the yield 
and the financial returns, but often the inquiry stops there. * * 
The real physiological relation of these feeds, or of their respective con- 
stituents, to the elaboration of milk remains untouched by such experi- 
ments. 

Suppose, again, we feed a lot of steers on heavy rations of corn for 
fattening. Humanity says: ‘‘Shelter them in a warm, comfortable 
barn”. They appear after a little to resent this. They are uncomfort- 
able, and it is difficult to keep them up to the high rations. Divide 
them into two lots, and turn one out into the cold with only a shed to 
shelter them from the winter winds. The latter lot does better—is more 
thrifty, eats better, and makes better gains. Is the question answered? 
Too often it stops here. We have the empirical result, but it is sup- 
ported by no reason. 

Put one of these heavily fed steers into a respiration calorimeter and 
we find he gives off heat enough under his heavy corn feeding to keep 
his body warm without artificial protection. The reason has been found. 
Again, knowledge of common things has been made accurate and pre- 
cise, and may be translated into action. * * 

Research is worthy of the name only as it sana up definite ideals or 
aims which it strives to attain by scientific methods of procedure. This 
will involve a definite plan of operations, a thorough consideration of 
what is known of the subject and its bearings, both practical and scien- 
tific, and should lead the experimenter to learn something of the reasons 
for the results he secures. While the aim should remain fixed, the plan 
will often have to be modified in detail as the investigation progresses. 
But too often there appears to be lacking any well-thought-out plan or 
object; this is developed piecemeal and lacks in directness. 

There are certain operations which will always be more or less experi- 
mental, as they will depend upon a variety of conditions, either indefinite 
in extent or combined in such a way as to make the outcome somewhat 
uncertain. Such operations can not proceed with mechanical exactness, 
and this very element of uncertainty will lend a charm to the work. But 
the object to be attained and the line of experiment should be matters 
= mature consideration. An investigation should presuppose this pre- 

minary. 

The line of demarcation betweeh investigation and the lower grades 
of inquiry is not always clear and sharp, but the character of the prob- 
lem does not determine this. The lowliest and the most common sub- 
ject may be a proper matter for real investigation. It is the man in 
charge of the work and his mental attitude toward it which determines 
whether it shall be a simple test, a conclusive experiment, or a thorough 
investigation. If he has none of the scientific spirit or sees only the 
purely practical phase, his work will stop with comparisons and simple 
experiments; but if he has the true spirit of the investigator and is 
trained to observe, even though he may not have seen a college class- 
room, his results will contribute something toward establishing a scien- 
tific fact. 

We have been accused in our experimental [agricultural] work of having 
the immediately practical results too constantly in mind. The immedi- 
ately practical work is important and desirable. It has helped to make 
the American stations strong in the confidence of their constituents. It 
should be continued and the results carried to the farmer in demonstra- 
tions, cooperative experiments, and other popular ways. But it is 
equally important to get at the scientific facts, which have a wider and 
more permanent application. Surely there is no conflict between such 
investigation and the securing of practical results. 


THE INTERNATIONAL SEISMOLOGICAL ASSOCIATION. 


The United States of America, through the Secretary of State, 
lately indicated its willingness to take part in the above-men- 
tioned international association for the study of the large 
earthquakes of the globe. This association has its central 
bureau at Strassburg, Germany, Professor Doctor G. Gerland 
being the director, and he submits the following circular for 
republication in the Monruty Wearner Review: 


The Central Bureau of the International Seismological Association, 
founded in 1903 by the Second Seismological Conference, which met in 
Strassburg, is now completely organized and in full activity. 

The central bureau is located in Strassburg (Alsace), Schwarzwald- 
strasse 10; the undersigned has the honor to be its director; the person- 
nel consists of two assistants, one mechanist, and one servant. The 
workrooms are on the second floor of the building, the first story being 
occupied by the Imperial German Central Station for Earthquake Inves- 
tigation. 

The Observatory of the Central Station, which is located near the 
Bureau, is furnished with the following inst:uments: (1) a Rebeur- 
Ehlert triple horizontal pendulum with photographic register; (2) a two 
component Rebeur pendulum with photographic register; (3) a Milne 
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pendulum; (4) the Wiechert pendulum, weighing 1000 kilometers, with a 
mechanical register; (5) the three-component microseismograph of 
Vicentini; (6) the Omori horizontal pendulum; (7) the Bosch horizontal 
pendulum (tromometer) weighing 100 kilograms; (8) the trifilar gravi- 
meter of August Schmidt. 

These instruments, which are all in active use, are giving accurate 
comparative observations ; their seismograms, when carefully discussed, 
form a valuable collection. 

The instruments and records of the central station are at the disposal 
of foreign visitors, especially citizens of the States associated in this 
work, who wish to use them for special study, with the restriction that 
the regular records of the instruments are to be undisturbed. The 
workrooms of the central bureau are open to foreign visitors for scien- 
tific, practical, or theoretical researches; the collection of seismograms 
of the central station may always be consulted by them. 

In accordance with these provisions the geophysicist and seismologist, 
Doctor Péesi, was sent by the Hungarian government to study at the 
central bureau for several weeks in order that he might make use of the 
records, with the assistance of the personnel of the central bureau and 
the central station. Professors Omori and Michailovitch intend to work 
at the central bureau for some time. 

The principal work of the central bureau, as prescribed by itsdirector, is 
at present directed toward the study of apparatus, and has for its object 
the enlargement of our knowledge of instruments and improvements in 
their use. Negotiations have been begun for the purpose of engaging a 
seismologist of great reputation to pursue extensive works of this nature 
at the central bureau with the apparatus of the central station. 

These two institutions are distinct organizations, but their work is 
along parallel lines. The Imperial German Central Station places at 
the disposal of the Central Bureau of the International Seismological 
Association its instruments, its records, and in part its quarters; and 
on the other hand the central bureau, its rooms, and its personnel are 
of considerable service to the central station. Much work that is of 
great importance to the better understanding of the seismometry of our 
globe, which is the principal object of the Seismological Association, 
could only be carried on by the active cooperation of the two institutions, 
and work of all kinds is facilitated by this combined activity. 

Literary works also are incumbent upon the central bureau; several 
have already been completed or are about to be; these works have as a 
basis the records and the researches of the central station. The central 
station is publishing at the present time, in the Beitriige zur Geophysik, 
a catalogue of all the microseismic earthquakes known to have occurred 
in eastern Asia; this catalogue, composed by Professor Rudolph, will be 
continued. The catalogue of earthquakes observed during the year 
1903, begun by Rudolph (Beitriige zur Geophysik, Supplement III), will 
be continued for following years by the central bureau and a catalogue 
of all microseismic movements will be prepared. 

In order that these works may be as complete as possible, the central 
bureau earnestly requests all delegates appointed by the cooperating 
nations to see that the most exact information regarding seismological 
observations in their respective countries be transmitted to the central 
bureau at the end of each half year, or better still, each quarter year. 
The most practical manner of attaining this object will be to send 
copies of all seismic perturbations of considerable importance registered 
by the different stations; they will be preserved at the central bureau 
and will be placed at the disposal of all who need them in their studies 
or researches. 

The central bureau will also be much pleased to receive published 
works bearing on seismology, particularly investigations of different 
countries or of the entire globe. These works will form the nucleus of 
the future library of the central bureau. 


ASTRONOMY versus METEOROLOGY. 


The Astronomical Association, organized in 1865 in Ger- 
many, and the Royal Astronomical Society of London, organ- 
ized in 1820, publish annually condensed reports of the work 
done by the more prominent astronomical observatories in the 
world. The last number of the Notices of the London society 
and the last Vierteljahrschrift of the German society give 
such reports from 27 English and 39 continental institutions, 
respectively. Although astronomy is the prime work of all of 
these, and although some of them necessarily pay special 
attention to atmospheric conditions, in so far as they affect 
astronomical work, yet only a few maintain regular meteoro- 
logical observations comparable with those of our regular 
stations. Nevertheless the fact that 13 out of the 27 English, 
and 10 out of the 39 continental observatories do maintain 
such series is an interesting evidence of the intimate relation 
between the two branches of science. In many of these cases 
the meteorological record is continued by the observer as a 
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pious duty, in view of its having been begun many years ago 
when the astronomer was the accurate observer of all geo- 
physical phenomena, and when men looked to him for infor- 
mation with regard to earthquakes, terrestrial magnetism, and 
the weather, as well as the stars. In recent years each of 
these has become a special branch of science, requiring a 
special building and instruments. It is, however, very fortu- 
nate for meteorology that the astronomer, with his accurate 
instruments, can frequently give measurements from which 
meteorologists derive great benefit. Very few of the latter 
have at hand apparatus for determining the exact angular 
dimensions of halos, the absorption bands due to the air and 
the vapor, the exact location of a meteor train, the altitude 
and azimuth of the twilight arc, the degree of polarization of 
the skylight, or the ordinary phenomena of refraction and the 
extraordinary refractions of the mirage. For information on 
these and other points we generally depend on the astrono- 
mer, or some individual physicist; but it is to be hoped that 
we may eventually have many meteorological institutions 
where these matters are properly attended to. The so-called 
regular observations, that have been made since the days of 
Ferdinand II, the Grand Duke of Tuscany, who organized the 
first system of stations in 1653, certainly need to be supple- 
mented by observations in every field that modern science has 
opened up to meteorological research.—(. A. 


RECENT PAPERS BEARING ON METEOROLOGY. 
H. H. Librarian. 

The subjoined titles have been selected from the contents 
of the periodicals and serials recently received in the Library 
of the Weather Bureau. The titles selected are of papers or 
other communications bearing on meteorology or cognate 
branches of science. This is not a complete index of the 
meteorological contents of all the journals from which it has 
been compiled; it shows only the articles that appear to the 
compiler likely to be of particular interest in connection with 
the work of the Weather Bureau. Unsigned articles are indi- 
cated by a —— 


— Di the American Geographical Society. New York. Vol. 88. Aug., 


Ward, Robert DeC[ourcy]. The classification of climates. II. 
Pp. 465-477. 


Journal of the Meteorological Society of Japan. Tokyo. 25th year. July, 
1906. 
Takagi, T. On the dust-haze (Hoang sha) in the Yangtze Valley. 
[Japanese. 
London, “3 and Dublin Philosophical Magazine. London. 6 ser. 
Vol. 12. , 1906. 
Eve, A. 8. 7 ‘the radioactive matter in the earth and the atmos- 


phere. Pp. 189-200. 
Nature. London. Vol. 74. Aug. 30, 1 

—— Meteorological kites in India. Pp. 448. 
Physical Review. Lancaster. Vol. 23. Aug., 1006. 

Joslin, Lulu B. The contemporaneous variations of the nuclea- 
tions and the ionization of the atmosphere of Providence. Pp. 
154-165. 

Science. New York. New Series. Vol. 24. June 24, 1906. 

Smith, D. T. The source of the energy of cyclones. Pp. 247- 248. 
Science Abstracts. London. Vol. 9. Aug., 1906. 

B[utler}], C. P. Eclipse shadow tania. {Abstract of article by 

Roso de Luna.}] P. 402. 

Scientific American. New York. Vol. 95. an. 25, 1906. 

——~ The effect of the sea upon p. 130-131. 
Annuaire de la Société Météorologique de Paris. 54 année. Avril 

1906. 

Moureaux, Th. Observations magnétiques pendant l'eclipse de 
soleil du 30 aodt 1905. Pp. 113-115. 

Besson, Louis. Halos et taches solaires. Pp. 115-119. 

Angot, Alfred. Régime pluviométrique de la Méditerranée. IT. 
Tripolitaine. Pp. 119-122. 

Goutereau, Ch. Sur la variabilité de la température. Pp. 122-127. 

Marchand, EB. L’électricité atmosphérique au Pic du Midi (2860 
m.). Pp. 137-146. 

Brunhes, Bernard. Sur la dissymétrie de la déperdition électrique 
en montagne. Nouvelles observations faites aux environs de 
Nauriac. Pp. 147-149. 
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Wellman, Walter. Discours prononcé par M... a la séance de 
la Société météorologique du 5 juin 1906. Pp 161-168. 

Chauveau, A.B. Sur le climat de la région de Hué (Annam). Pp. 
168-175. 

Archives des Sciences Physiques et Naturelles. Geneve. 4 période. Tome 22. 
15 aotit 1906, 

Gautier, R., and Duaime, H. Observations météorologiques 
faites aux fortifications de Saint-Maurice pendant l'année 1905. 
Résumé annuel. Pp. 163-184. 

La Nature. Paris. 34 année. 18 aoiit 1906. 
Febre, L. A. Elaboration des sources par las montagnes et foréts. 


Pp. 182-186. 
Reboul, Paul. Notes sur la sismologie. Pp 187-190. 
Revue Nép i Mons. Aoiit 1906. 


Péroux, B. Verres colorés pour l'observation des nuages. P. 57. 

Bracke, A. Les nuages invisibles. Pp. 57-59. 

Nell, Chr. A. C. Périodicité des bandes polaires. Pp. 59-61. 

Westman, J. Forme et grandeur des cristaux de neige au Spitz- 
berg. Pp. 1-63. 

Beibliitter zu den Annalen der Physik. Leipzig. Band 30. 1906. 

Danckwortt, A. Einfache Bestimmung des spezifischen Gewichtes 
der Luft. [Abstract of article by G. Junge.] P. 802. 

ipzig. 42 Jahrgang. 1906. 
—— Die Vorgeschichte des allgemeinen Windgesetzes. Pp. 527-533. 
Ilustrirte Aéroniiutische Mitteilungen. Strassburg. 10 Jahrgang. Aug., 1906. 
Ritter, Friedrich. Flichengrésse und Winddruck. Pp. 274-280. 
Meteorologiache Zeitachrift. Braunschweig. Hann-Band. 1906. 

Mohn, Hienrik]. Studien iiber die Dimmerung. Pp. 1-22. 

Schwab, Franz. Ueber die Verdunstungsmessungen in Krems- 
miinster. Pp 23-35. 

Obermayer, A[lbert] von. Zur Beobachtung und zur Photog- 
graphie von Lichtkrinzen und Gegensonnen. Pp. 35-40. 

Schreiber, Paul. Untersuchung iiber die Genaugikeit des Tages-, 
Monats- und Jahresmittel aus den Temperaturbeobachtungen fiir 
die drei Stundenkombinationen: 6a — 2p— 10p, 8a— 2p — &p und 
8a—2p— 9p. Pp. 40—59. 

Hegyfoky, J. Ueber Berg- und Talwinde in Ungarn. Pp. 59-67. 

Neumayer, G[eorg] von. Die geologisch-magnetischen Verhiilt- 
nisse des einstigen erdmagnetischen Observatoriums in Hobarton 
(Tasmanien). Pp.67-80. 

Sprung, aed ]. Ueber eigentiimliche Gleichgewichtszustinde 
bei den in Wagebarographen verwendeten Barometern. Pp. 80-86. 

Mack, Kfarl]. Ergebnisse zehnjiriger Windregistrierung in 
Hohenheim. Pp. 87-90. 

Augustin, Fr[antisek]. Die Niederschliige in Prag. Pp. 90-94. 

Hepites, St{efan] C. Les sécheresses en Roumanie. Pp. 95-97. 

Paulsen, Adam. Die diinischen Wasserstandsmessungen und 
einige Resultate derselben mit Bezug auf den Einfluss des Windes 
auf die Héhe des Wasserstandes. Pp. 97-110. 

Kesslitz, W[ilhelm]. Ergebnisse der luftelektrischen Messungen 
in Pola. Pp. 111-117. 

Hildebrandsson, Hildebrand H. Sur la circulation des couches 
supérieures de l’air au dessus du maximum de |’ Atlantique Nord. 
Pp. 117-120. 

Eliot, John. Brief discussion of the observations of the solar 
radiation (or black bulb in vacuo) thermometers in India during 
the period 1892-1903. Pp. 124-130. 

Angot, Alfred. Etude sur la variation diurne de la température. 
Pp. 130-145. 

Danckelman, A[lexander] von. Die Niederschlagsverhiltnisse 
des Schutzgebietes Togo. Pp.145-151. 

Rona, S[ig]. Die siidungarische Kossava. Pp. 151-162. 

Maz‘lle, Eduard. Temperatur von Triest nebst einem Beitrag zur 
Kenntnis des Temperaturunterschiedes Stadt-Land. Pp. 162-174. 

Rykatchew, M{ichail]. Note préliminaire sur les inversions de 

temperature d’aprés les observations faites au moyen de cerfs- 
volants & Pavlovsk en 1904. Pp. 174-179. 


a, Aksel S. Die Sonnenfleckenperiode der Gewitter. Pp. 
179-180. 
Liznar, J[oseph]. Ueber die Darstellung der Verteilung der erd- 


magnetischen Kraft auf einem Gebiete auf Grund von Messungen 
an weningen Orten. Pp. 181-186. 
Voeikov, A{leksandr]. Die Verteilung und Akkumulation der 
Wiirme in den Festliindern und Gewiissern der Erde. Pp. 187-208. 
Shaw, W[illiam] N[apier]. The law of sequence in the yield of 
wheat for eastern England. 1885-1904. Pp. 208-216. 
Teisserenc de Bort, Léon. Sur lacirculation génerale de l’atmos- 
phére. Relations entre la température et la pression de l’air Ala 
surface du globe et dans l’'atmosphére libre. Pp. 216-228. 
Ekholm, Nils. Die Luftdruckschwankungen und deren Beziehung 
zu der Temperatur der oberen Luftschichten. Pp. 228-242. 
Margules, Max. Ueber Temperaturschichtung in stationir be- 
wegter und ruhender Laft. Pp. 243-254. 
Abbe, Cleveland. The trade winds and the doldrums. Pp. 254-260. 
Exner, Felix M. Die jihrliche Luftverschiebung tiber einigen 
Orten Europas. Pp. 260-267. 


MONTHLY WEATHER REVIEW. 


379 

Willem van]. Erdmagnetische Pulsationen. Pp. 

8-270. 

Rotch, A. Lawrence, and Teisserenc de Bort, L{éon]. The 
meteorological conditions above the tropical North Atlantic. Pp. 
270-275. 

Riggenbach, A|lbert]. Die tigliche Periode des Niederschlages 
in Basel. Pp. 276-279. 


Bezold, Wilhelm von. Ueber Strahlungsnormalen und Mittellinien 
der Temperatur. Pp. 279-287. 

Kremser, V{ictor]. Ueber die Schwankungen der Luftemperatur 
in Norddeutschland von 1851 bis 1900. Pp. 287-305. 

Assmann, Richard. Die Temperatur der Luft iiber Pawlowsk 
und iiber Berlin im Jahre 1904, Pp. 305-336. 

Trabert, Wilhelm. Benutzung des tiglichen Temperaturganges 
zur Ermittelung der diffusen Wiirmestrahlung. Pp. 336-339. 

wee Uber die Aufeinanderfolge von Gewitterziigen. Pp. 
339-347. 

Képen, Wie erkennt man Blindlingsprognosen? 
Pp. 347-356. 

Stelling, Ed. Ueber die Bestimmung der Schwerekorrektion des 
Quecksilberbarometers. Pp. 357-370. 

Snellen, Maurits. Einige Neuerungen an erdmagnetischen Mess- 
apparaten. Pp. 371-378. 

Pernter, J[osef | M[{aria]. Die Berechnung des Grisse der Wol- 
kenelemente aus meteorologisch-optischen Erscheinungen. Pp. 


378-389. 
Hellmann, G[ustav]. Ueber die Eintrittszeiten der tiglichen 
Band 23. Aug., 1906. 


Temperaturextreme. Pp. 389-403. 
Meteorologische Zeitschrift. Braunschweig. 

Hellmann, G[ustav]. Ein neuer registrierender Schneemesser. 
Pp. 337-339. 

Gockel, A[lbert}. 
339-344. 

Exner, Felix M. Prof.J.Wiesners Beobachtungen iiber die photo- 
chemische Intensitiét der direkten Sonnenstrahlung und der dif- 
fusen Himmelsstrahlung wiihrend der partiellen Sonnenfinsternis 
am 30. August 1905 zu Friesach in Kirnten. Pp. 344-348. 

Sack, G. Beobachtungen iiber die neutralen Punkte von Babinet 
und Arago in den Jahren 1903 und 1904. Pp. 348-351. 

Fényi, J. Ueber Winddrehungen in Kalocsa. Pp. 351-357. 

Hegyfoky, J. Die Schwankung der jihrlichen Regenmenge in 
Ungarn. Pp. 358-362. 

Zuntz, N. u.a. Héhenklima und Bergwanderungen in ihrer Wir- 
kung auf den Menschen. Pp. 362-364. 

Doberck, W. Resultate der meteorologischen Beobachtungen zu 
Hongkong 1894-1903. Pp. 367-368. 

—— Wasserhosen. Pp. 371-373. 

Grossmann, —. Nochmals die horizontale Komponente der ablen- 
kenden Kraft der Erdrotation. Das Hadley-Dovesche Prinzip ist 
doch im Unrecht. Pp. 373-374. 

Hann, J[ulius]. Resultate 8jihriger meteorologischer Beobacht- 
ungen zu Haifa, Paldstina. Pp. 375-376. 

Hann, J[ulius}. Ueber den jaihrlichen Wirmeumsatz in Binnen- 
meeren. Pp. 377-378. 

Krebs, Wilhelm. Die Erscheinung des Sonnenbildes beim héchs- 
ten Grade der Szintillation. P. 382. 

Mitteilungen von Forschungsreisenden und Gelehrten aus den Deutschen 
Schutzgebieten. Berlin. 19 Band. 2 Heft. 

—— Regenmessungen in Togo. Pp. 131-140. 

—— Regenmessungen in Kamerun. Pp. 141-148. 

—— Resultate der meteorologischen Beobachtungen in Swakopmund 
im Jahre 1905. Pp. 149-150. 

—— Ergebnisse der meteorologischen Beobachtungen in Deutsch- 
Sudwestafrika im Jahre 1904-05. Pp. 151-162. 

= C. Regenbeobachtungen aus Deutsch-Ostafrika. Pp. 164- 
180. 


Ueber den Ionengehelt der Atmosphire. Pp. 


Petermanns Mi Gotha. Band 52. 1906. 
Fraunberger, Georg. Studien iiber die jirlichen Niederschlags- 
mengen des afrikanischen Kontinents. Pp. 73-82. 
Endrés, Anton. Die Seiches des Waginger Sees. Pp. 94-95. 


Physikalische Zeitschrift. . 7 Jahrga 1 Aug. 1906. 
ye G[eorge] C. Ist der Staub in der Atmosphiire geladen? 
p. 521-522. 


Chella, Silvio. Messung des inneren Reibungskoeffizienten der 
Luft bei niedriger Temperatur. Pp. 546-548. 

Sitzungsberichte der kaiserlichen Akademie der Wissenschaften. Mathe- 
matisch- Naturwissenschaftliche Klasse. 114 Bd. 

Hann, J(ulius]. Zur Meteorologie des Aequators nach den Beo- 
bachtungen zu Paré am Museum Goeldi. II. Pp. 1-63. (Jéin. 1905.) 

Ficker, H/einrich] von, and Defant, A[lbert]. Ueber den 
tiglichen Gang der elektrischen Zerstreuung und desStaubgehaltes 
auf dem Patscherkofel. Pp. 151-165. (Feb. 195.) 

Zdlss, Bonifaz. Beitriige zur Kenntnis der atmosphirischen Elek- 
trizitéit XVIII. Elektrizititszerstreuung in Kremsmiinster (1903 
bis 1904). Pp. 189-331. (Feb. 1905.) 

Conrad, V[ictor]. Beitrige zur Kenntnis der atmosphirischen 
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Elektrizitat XIX. Ueber den Zusammenhang der luftelektrischen 
Zerstreuung auf dem Sonnblick mit den meteorologischen Ele- 
menten auf dem Gipfel und im Tale. Pp. 335-353. (Mar. 1905.) 

Mazelle, Eduard. Beitriige zur Kenntnis der atmosphirischen 
Elektrizitét. XX. Die Zerstreuung der atmosphirischen Elek- 
trizitét in Triest und ihre Abhangigheit von meteorologischen 
Elementen. Pp. 399-501. (Apr. 1905.) 

Defant, Albert. Gesetzmiissigkeiten in der Verteilung der ver- 
schiedenen Tropfengréssen bei Regenfiillen. Pp. 585-646. Mai 
1905.) 

Pernter, J[osef] Zur Theorie des von einer kreisférm- 
igen Lichtquelle erzeugten Regenbogens. Pp. 785-801. (Juni 1905.) 

Pernter, Jjosef} M{aria). Erklirung des fiilsehlich weisser 
Regenbogen"’ benannten Bouguer’schen Halos. Pp. 917-934. 
(Juli 1905.) 

Exner, Felix M. Ueber Druck und Temperatur bewegter Luft. 
Pp. 1271-1292. (Okt. 1905.) 

Hopfner, Friedrich. Die Verteilung der solaren Wirmestrahlung 
auf der Erde. Pp. 1315-1357. (Okt. 1905.) 

Mache, Heinrich. Beitriige zur Kenntnis der atmosphirischen 
Elektrizitét XXI. Ueber die Genesis der Ionen in der Atmosphiire. 
Pp. 1377-1388. (Okt. 1905.) 

Samec, Maximilian. Durchsichtigkeit der Luft bei verschiedenen 
Witterungszustinden in Wien. Pp. 1519-1568. (Nov. 1905.) 

Schweidler, E.R. v. Beitrige zur Kenntnis des atmosphirischen 
Elektrizitét. XXII. Luftelektrische Beobachtungen au Mattsee 
im Sommer 1905. Pp. 1705-1735. (Dez. 1905.) 

Das Weltall. Berlin. 6Jahrgang. Aug. 12, 1906. 

Krziz, A. Das Reduzieren des Barometerstandes auf das Meeres- 
niveau. Pp. 361-363. 

Das Wetter. Berlin. 23 Jahrgang. Aug. 1906. 

Schulze, Paul. Ludwig Friedrich Kamtz. Pp. 169-175. 

Lindemann, —. Die meteorologische Station auf dem Fichtelberg 
1891-1905. Pp. 175-180. 

Elengel, Friedrich. Die Niederschlagsverhdltnisse von Deutsch- 
Siidwestafrika. Pp. 180-183. 

Hemel en Dampkring. Den Haag. 4Jahrgang. Aug. 1 
Smits, P. J. Is de intensiteit van den ees periodick ? Pp. 
55-61. 

Nell, Chr. A. C. Nog iets over de statistiek der halo’s. Pp. 61-63. 

Italiana. Beollettino bimensuale. Torino. Serie 3. 
ol. 25. 


Masini, Alberto. Sulla probabile presenza di ceneri vesuviane 
nell’ atmosfera a Bologna durante il periode erutivo dell’ aprile 
1906. Pp. 53-54. 


RECENT ADDITIONS TO THE WEATHER BUREAU 
LIBRARY. 
By H. H. Kiweact, Librarian. 


The following titles have been selected from among the books 
recently received, as representing those most likely to be useful 
to Weather Bureau officials in their meteorological work and 
studies. Most of them can be loaned for a limited time to 
officials and employees who make application for them. 
Austria. Hydrographisches Amt, Pola. 

... Ergebnisse der meteorologischen Beobachtungen in Pola fiir das 
Lustrum 1901-1905. 32 pp. f°. Pola. 1906. 
Jahrbuch der meteorologischen, erdmagnetischen und seismischen 
Beobachtungen. 1905. xxv, 151 pp. f°. Pola. 1906. 
Baden. Zentralbureau fiir Meteorologie und Hydrographie. 
Jahres—Bericht 1905. 132 pp. f°. Karlsruhe. 1906. 
Belgium. Administration de l'Enseignement Supérieur, des 
Sciences et des Lettres. 
L’ Observatoire Royal de Belgique. 74 pp. 4°. Bruxelles. 1904. 


N. 
rafulmini perfezionati. 63 pp. 12°. Arezzo. 1906. 
British Association for the Advancement of Science. 
Report of the 75th meeting. South Africa. 1905. exxvii, 658, 118 
pp. 8°. London. 1906. 
perial Maritime Customs. 
Medical reports. 1-40; 61-67. 4°. Shanghai. 1876-1894; 1903-5. 
— concerning meteorological work. 16 pp. 4°. Shanghai. 
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Chowlson, O[rest] D 

Lehrbuch der Physik. 
schweig. 1902. 

Defant, Albert. 

Innsbrucker Féhnstudien II. 24 pp. f°. Wien. 1906. 

Great Britain. National Physical Laboratory. 
Report, 1902. 51 pp. 8°. ndon. 1903. 
Hall, A. D. 

The book of the Rothamsted experiments. xii, 204 pp. 8°. Lon- 

don. 1895. 
Heintz, E. 

Liste systématique et alphabétique des travaux météorologiques et 
magnétiques, publiés par |’ Académie Impériale des sciences de St. 
Pétersbourg et l'Observatoire Physique Central Nicolas depuis 
1894 jusqu’en 1900 incl. (Mém. Acad. se., St. Petersb. Vol. 11, 
No. 8.) 39 pp. f°. St. Pétersbourg. 1901. 

India. Meteorological Office. 

—— atlas of India. xxxii, 120 pp. f°. 
1906. 

Memorandum of the meteorological conditions prevailing in the 
Indian monsoon region ... 1906. 9 pp. f°. Simla. 1906. 

International Commission for Scientific Aeronautics. 

Quatrieme conférence . .. St. Pétersbourg 1904. 211 pp. 4°. St. 

Pétersbourg. 1905. 
International Meteorological Committee. Solar Commission. 

Statement concerning the regional rainfall of India. 9 pp. 8°. Lon- 
don. July, 1906. 

Japan. Central Meteorological Observatory. 

[Observations at Japanese meteorological stations in Korea.] 1904. 
4°. Tokyo. n.d. 

Kilgour, Wm. T. 
Twenty years on Ben Nevis. . . 
Kostlivy, Stanislav. 

Untersuchungen iiber die klimatischen Verhiltnisse von Beirut, 
Syrien. (Vorgelegt in der Sitzung der kénigl, bbhm. Gesellschaft 
der Wissenschaften in Prag am 14.Oktober 1904.) 159 pp. 4°. 
Prag. 1905. 

Liverpool Observatory. 

Report of the Director . . . 1903. 43 pp. 8°. [Liverpool] 104. 
Me’ eorologische Zeitschrift. Hann-Band. 

viii, 404 pp. 4°. Braunschweig. 1906. 
Meyer, M. Wil[helm]. 

Die Ritsel der Erdpole. 8thed. 90 pp. 8°. Stuttgart. n.d. 
Mill, Hugh Robert. 

British rainfall, 1905. 88, [271] pp. 8°. London. 1906. 
Moedebeck, H. W. L. 

Taschenbuch fiir Flugtechniker und Luftschiffer. 2d ed. viii, 587 
pp. 16°. Berlin. 1904. 

Miiller-Pouillet. 

Lehrbuch der Physik und Meteorologie. 10th ed., imp. and enl. 

In4v. v.1. xvii, 801 pp. 8°. Braunschweig. ‘1906. 
New Zealand. Meteorological Office 

Statistics of New Zealand for the year 1905. Meteorology. 7 pp. 
f°. Wellington. 1906. 

Observatoire St Louis (St. Hélier, Jersey). 

Bulletin des observations. XII année 1905. n.p. 4°. St. Helier. 
1905-1 6. 

Ramsay, William. 

The gases of the atmosphere. 3ded. xliii, 296 pp. 8°. London. 

1905. 
Rogovoskli, B. A. 

{Structure of terrestrial and planetary atmospheres.| (Russian) 
(Izviestia Russkago astronomicheskago obshestva, St. Petersburg, 
1906.) 36 pp. 8°. St.Petersburg. 1906. 

San Fernando. Instituto y Observatorio de Marina. 
Anales. Section 2a. 1905. vii, 155 pp. f°. San Fernando. 1906. 
Spang, He 
A Practical treatise on lightning protection. iv, 5-63 pp. 12°. New 
York. 
Transvaal. Department. 
Annual reports. 1904. 68 pp. f°. Pretoria. 1905. 
Same. 1905. G156 pp. f°. Pretoria. 1906. 
Weinhold, Adolf F. 

Physikalische Demonstrationen. 4th ed. xiv, 987 pp. 8°. Leipzig. 

1905. 


anilowitsch). 
Uebersetzt von H. Pflaum. 3 v. 8°. Braun- 


[Edinburgh. 


2d ed. 168 pp. 12°. Paisley. 1906. 


FORECASTS AND WARNINGS. 


By Prof. E. B. Garrtorr, in charge of Forecast Division. 


Barometric disturbances crossed the British Isles during 
the first, second, and third decades of the month, those of the 
first and second decades being of marked intensity. In the 
vicinity «f the Azores high barometric pressure prevailed, ex- 
cept on the 21st and 22d and from the 27th to 31st, the low- 
est reported reading of the month, 29.60 inches, being noted 


on the 30th. Over the western Atlantic the weather was as a 
rule quiet. A tropical disturbance that appeared east of Bar- 
bados August 31, moved thence on a northwesterly course to 
the northern Bahamas by September 7, and there recurved 
northeastward will be discussed in the ‘September Review. 

No severe wind storms visited the sea coasts and Great 
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Lakes of the United States. An unusual number of baromet- 
ric depressions moved southeastward from the British North- 
west Territory over the Missouri Valley and the Lake region, 
and passed thence eastward attended by local rains and thun- 
derstorms. Persistent and heavy rains in the Middle-Eastern 
and Southeastern States, and dry warm weather in New Eng- 
land and parts of New York were notable features of the 
month. From the 26th to 28th a frost-bearing cool wave, for 
which warnings were issued, overspread the Northwestern 
States and the extreme upper Mississippi Valley. 
BOSTON FORECAST DISTRICT. 

The month was exceptionally warm and dry. On the 6th 
severe thunderstorms occurred in western Massachusetts and 
parts of New Hampshire, and on the 21st in western Massa- 
chusetts. No storm warnings were ordered and no high 
winds occurred on the coast.—J. W. Smith, District Forecaster. 

NEW ORLEANS FORECAST DISTRICT. 

Precipitation was unevenly distributed, being excessive in 
some districts and deficient in others. Temperature changes 
were slight. Special warnings were not issued or required.— 
I. M. Cline, District Forecaster. 

LOUISVILLE FORECAST DISTRICT. 

Sluggish barometric conditions prevailed. Showers were 
frequent and there were some heavy local rains. Though no 
very high temperatures occurred, humid and warm weather 
prevailed until the 27th, when cooler weather set in. No 
special warnings were issued and none were required.—G. B. 
Wurtz, Local Forecaster. 

CHICAGO FORECAST DISTRICT. 

The month was generally uneventful. From the 26th to 
28th frost warnings were issued for frosts that occurred at 
points in Nebraska and northern Iowa on the 27th and in the 
cranberry districts of Wisconsin on the 27th and 28th.—ZH. C. 
Frankenfield, Professor and District Forecaster. 

DENVER FORECAST DISTRICT. 

The month was cooler than usual with the greatest defici- 
ency of temperature in southern portions of New Mexico and 
Arizona. Less than the usual amount of rain fell in Colorado 
and adjacent parts of Wyoming and New Mexico, while in 
western Wyoming, Utah, Arizona, and southern New Mexico 
the rainfall was abnormally heavy and at a number of stations 
exceeded all previous records for August. No special warn- 
ings were issued or required.—F. H. Brandenburg, District 
Forecaster. 


SAN FRANCISCO FORECAST DISTRICT. 


The month, as a whole, was a quiet one. There were thun- 
derstorms with resulting washouts in the Salton and Colorado 
deserts during the first and second decades of the month. 
On the 11th showers were general in Nevada and the Sierra 
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Madre. On the 18th heavy rains occurred in the valley of the 

Colorado and numerous thunderstorms in Nevada. Showers 

were general in southern California and Nevada on the 20th 

and 2lst.—A. G. McAdie, Professor and District Forecaster. 
PORTLAND, OREG., FORECAST DISTRICT. 

The month was quiet and no special warnings were issued 
orrequired. The temperature averaged slightly above normal 
and precipitation was deficient, except in a few localities, 
where heavy local rains occurred. Owing to the dry weather 
there were numerous forset fires, which destroyed a large 
amount of property. The dry weather also resulted in unusu- 
ally low stages in the rivers.—£. A. Beals, Disirict Forecaster. 


RIVERS AND FLOODS. 


With the exception of the rivers of North Carolina, South 
Carolina, and Texas, and the lower portion of the Arkansas 
River, there were no high stages during the month. 

The Mississippi River was highest during the first of the 
month in the lower, and the last of the month in the upper 
portion. 

The Ohio and Missouri rivers were highest during the 
middle of the month, due to the general rains of that period. 
The rivers of the Carolinas were also affected by these rains, 
which caused high water, and the additional precipitation dur- 
ing the last of the month over the watersheds of these rivers 
caused flood stages on the Roanoke, Cape Fear, Pedee, Ca- 
tawba, Wateree, Broad, and Saluda rivers, especially in the 
lower portions. The warnings were issued for the high water 
well in advance, and were, in nearly all instances, fully verified. 

Unusually heavy local rains over the headwaters of the Colo- 
rado and Trinity rivers of Texas caused rapid rises of those 
streams. The Trinity reached flood stages on its upper por- 
tion only, while the Colorado overflowed over its entire length. 
Warnings were issued on August 7, for the floods of the 12th 
to the 15th in the lower Colorado River. 

On August 9 and 10, warnings were issued for high water 
in the Arkansas, although flood stages were not expected. 
These warnings were fully justified. 

The Columbia and its tributaries fell slowly throughout the 
month. 

The highest and lowest water, mean stage, and monthly 
range at 268 river stations are given in Table VI. Hydro- 
graphs for typical points on seven principal rivers are shown on 
Chart I. The stations selected for charting are Keokuk, St. 
Louis, Memphis, Vicksburg, and New Orleans, on the Missis- 
sippi; Cincinnati and Cairo, on the Ohio; Nashville, on the 
Cumberland; Johnsonville, on the Tennessee; Kansas City, on 
the Missouri; Little Rock, on the Arkansas; and Shreveport, 
on the Red. 


THE WEATHER OF THE MONTH. 


By Mr. P. C. Day, Assistant Chief, Division of Meteorological Records. 


The distribution of mean atmospheric pressure is graphi- 
cally shown on Chart VI, and the average values and depart- 
ures from the normal are shown in Tables I and V. 

No marked variations from the normal occurred in the dis- 
tribution of the average pressure during the month. 

The areas of low pressure originated mainly over the 
Canadian northwest, moved southeast over the Missouri Val- 
ley, recurved northeastward to the Lakes, and passed east- 
ward north of the St. Lawrence Valley. 

The areas of high pressure, as a rule, also passed eastward 
north of the boundary. 

As a result of the unusual northern paths of the highs and 
lows, the greater part of the territory of the United States 
was not within the influence of any marked atmospheric dis- 


turbance during the month. Stagnant atmospheric conditions 
prevailed and any marked variation from the normal of the 
several elements was due in the main to local conditions. 

Pressure was slightly below normal in the Lake region, 
Ohio, upper Mississippi, and lower Missouri valleys, and gen- 
erally west of the Rocky Mountains, except over northwest 
Washington. It was slightly above normal over the Atlantic 
and Gulf States, Texas, and the Plains region. 


TEMPERATURE. 


Average temperatures above the normal prevailed over all 
districts of the United States and Canada, except over western 
Texas, the Rocky Mountain and eastern Plateau sections, 
southern California, and the coast of Washington. 

Nearly continuous warm weather prevailed over the Lake 
region and eastward over New York and New England, where 


|. 


382 MONTHLY WEATHER REVIEW. 


the monthly averages exceeded the normal from 2° to 5° per 
day, and at a number of points they were the highest ever 
recorded in August. 

Over the Ohio and upper Mississippi valleys, the Middle At- 
lantic and east Gulf States, temperatures were well above the 
average, due in the main to the humid conditions of the 
atmosphere preventing radiation at night, with resulting min- 
imum temperatures uniformly higher than the average. Over 
western Texas and the southern Rocky Mountain region the 
month was uniformly cool. No periods of excessive heat 
occurred, except over eastern Montana and North Dakota, 
where maximum temperatures above 100° were of frequent 
occurrence from the llth to the 18th; and over the New 
England States, where temperatures as high as any previously 
recorded in August were observed on the 19th. 

The usual high temperatures, ranging from 100° to 110°, or 
more, were recorded in southwestern Arizona and south- 
eastern California. 

Freezing temperature and killing frosts occurred at the 
higher elevations in the mountain districts and in the north- 
ern portions of North Dakota and Minnesota. 

PRECIPITATION. 

The precipitation during August, while generally abundant 
for the needs of growing vegetation, was very unevenly distri- 
buted as to the total fall, due largely to the local character of 
the storms. As the general atmospheric disturbances were 
confined, in the main, to the Lake region and upper Missis- 
sippi and Missouri valleys, the precipitation over other 
sections of the country came largely from local thunderstorms. 
The irregular distribution of the rainfall is graphically shown 
on the chart of monthly precipitation, where areas of marked 
excess appear, while nearby sections frequently show corre- 
sponding deficiencies. Over large sections of the Middle 
Atlantic States, the Mississippi and Missouri valleys, north- 
western Texas, Oklahoma, and the southern Rocky Mountain 
section, the precipitation was heavy and persistent. Over 
sections of Maryland and Virginia the total fall was the high- 
est on record for the month; and at Washington, D. C., the 
amount measured, 14.36 inches, was the greatest recorded in 
any month during a period of nearly seventy-five years of 
reliable observation. Especially heavy rains prevailed over 
the central portion of western Maryland on the 2d, where 
amounts from five to nearly nine inches were recorded in 

riods of twenty-four hours or less. In parts of western 

exas, central Oklahoma, southeastern South Dakota, and the 
southern parts of Arizona and New Mexico the precipitation 
was in excess of the record for any previous August. Over 
practically the whole of Arizona and New Mexico, and por- 
tions of Colorado, Utah, and Nevada, the precipitation was 
generally well distributed during the entire month, and the 
run-off from the heavy falls added large volumes to all 
streams in that section, and a plentiful supply of water was 
available for all p 8. 

Throughout nearly all sections where precipitation nor- 
mally prevails during August the fall was well distributed 
during the several periods of the month and no serious lack 
of moisture was experienced by growing vegetation. Small 
sections over the Gulf coast received extremely small total 
amounts of ey aeons and there was a general deficiency 
in the monthly amounts over most of New England and the 
northwest coast of Washington. 

HUMIDITY AND CLOUDINESS. 

The humidity was in excess of the normal in nearly all dis- 
tricts as was also the average cloudiness. 

The excessive amount of moisture, the preponderance of 
cloudy and rainy days, and the general stagnant. condition of 
the atmosphere, as shown by the decreased wind movement, 
made the weather for the month, as a whole, mentally depres- 
sing and physically enervating. 
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In Canada.—Prof. R. F. Stupart says : 


The mean temperature of the month was higher than the average over 
the larger portion of the Dominion, districts near the coast and in north- 
ern British Columbia alone showing a temperature lower than the aver- 
age. The highest positive departures, from 4° to 5°, occurred in the 
more central parts of Ontario and New Brunswick, while in the St. Law- 
rence Valley, the excess of the average was about 3°, and in the North- 
west Provinces it was very generally between 1° and 2°. 


In Canada.—Professor Stupart says: 


The rainfall was less than the average over the greater part of the 
Dominion, portions of Ontario lying east and south of the Georgian Bay 
and immediately north of Lake Erie, together with the more southern 
portions of Alberta, alone showing a small excess, and even in these dis- 
tricts the larger fall was due toa few local thunderstorms. In the more 
northern parts of the Northwest Provinces and in British Columbia it 
was particularly scant, being very generally less than an inch; and in 
the Ottawa and upper St. Lawrence Valleys it was for the most part be- 
tween one and two inches. 


~ 
° Average | 
res r departures 
Districts. forthe current | nee 
current month. January 1. | January 1 
| 
| 
| ° | ° ° ° 
9 69.8 +23 + 5.5 + 0.7 
Middle Atlantic ..... oosl 13 76.0 + 2.6 + 7.9 +10 
South Atlantic .................. } 10 80.0 +21 + 1.0 + 0.1 
Florida Peninsula®* . 8 81.3 — 01 —11 — 0.1 
an 8 80.9 +14 — 6.6 — 0.8 
7 80. 8 —0.2 —42 — 0.5 
Ohio Valley and Tennessee. ..... 12 77.2 + 2.7 0.0 0.0 
Lower Lake ...... 8 73.2 + 3.8 + 9.5 + 1.2 
Upper Lake ... 10 69.8 +37 $13.7 + 1.7 
orth Dakota *.................. 8 66. 6 + 0.5 414.6 +18 
ae Mississippi Valley........ 13 74.6 + 2.2 + 3.0 +24 
ssouri Valley ................. ll 74,1 +11 + 7.7 +10 
Northern Slope. ................., 7 67.3 — 05 + 6.7 + 0.8 
Middle Slope ......... } 6 74.8 +02 + 1.0 + 0.1 
Southern Slope*................. 6 76.3 — 2.0 — 9.1 —1,1 
Southern Plateau *.............. 13 74.8 —19 + 0.7 +01 
Middle Plateau ................ 8 69.2 0.8 0.0 0.0 
Northern Plateau*.............. 12 68.7 + 0.2 +12.5 + 1.6 
7 61.9 + 0.5 +111 
Middle 5 64.2 —0.4 + 94) + 1.2 
Pacific . ee 4 71.4 0.0 iced + 0.8 


* Regular Weather Bureau and selected cooperative stations. 
Average precipitation and departures from the normal. 


° Average. Departure. 

Districts. = Accumu- 

mon mon since 

normal. Jan. 1 
Inches. Inches. 

9 2.40 63 —1.4 —0. 
Middle 13 7.57 166 +3.0 +2.5 
South Atlantic ............ 10 6. 21 97 —0.2 0.0 
Florida Peninsula*....... 8 8. 02 116 +1.1 +9.0 

cess 8 4.77 87 —4.3 
7 8. 07 91 —0.3 -6.6 
Ohio Valley and Tennessee.............. 12 3. 58 103 +0.1 5.4 
8 3. 42 121 +0.6 —3.5 
10 3. 01 103 +01 —2.1 

Upper Mississippi Valley.......... 13 4.42 147 +14 —1,2 
Missouri ll 5.12 170 —0.6 
7 2.63 198 +1.3 +1.5 
6 3.33 137 +0.9 —0.5 
Southern 6 5. 08 213 +2.7 +3.2 
Southern Plateau * ...............6.s05. 13 2.24 145 +0.7 +2.9 
Middle Plateau * ..... 8 1. 26 147 +0.4 +4.0 
Northern Plateau * . 12 0. 85 189 +0.4 +0.1 
7 0. 20 22 —0.7 —8.3 
5 0. 02 17 —0.1 

4 0. 04 100 0.0 +6.4 
* Regular Weather Bureau and selected cooperative stations. 
Mazimum wind velocities. 
> | 
Amarillo, Tex ........... 7 50 se. Mount Tamalpais, Cal’. ; 21 50 sw. 
Havre, Mont............. 13 56 sw. Point Reyes t,Cal... 12, 60 nw. 
Mount Tamalpais, Cal. . 2 «6 nw. Sand Key, Fla ......... 4 & 8. 
| 


| 
| 
| | 
Average temperatures and departures from the normal. | , 
| 
| | 
| 
| 
| 
| | 
| 
| 
| | 
| 
| 
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Average relative humidity and departures from the normal. Average cloudiness and departures from the normal. 
= 2. | 2 es.) 
Districts. EEE Districts. Districts, 255 Districts. 
° 
‘ ‘ New England ................ 48|—0.2 Mimour Valley +06 
‘ew En 82 0 || Missouri Valley ............. 74 + 7 Middle Atlantic.............. 6.4 | + 1.4 || Northern Slope.............. 40> +03 
Middle Atlantic.............. 84 + 8 || Northern Slope.............. 63 +11 South Atlantic............... 6.0 | + 0.8 Middle Slope ................ +04 
South Atlantic ...............- 86 + 4 || Middle Slope ................ 68 +10 Florida Peninsula............ 5.4 + 0.2 || Southern Slope.............. 4.8 0.0 
Florida Peninsula. ........... 82 + 2/| Southern Slope.............. 72 5.4 | + 0.5 || Southern Plateau ........... 3.8) + 0.4, 
East Gulf 82 + 2 || Southern Plateau ........... 5A +12 West Gulf. 4.6 | + 0.2 | Middle Plateau ............. 36) +1.4 
79| +4 || Middle Plateau.............. 46 +10 Ohio and Tennessee...| 5.6 | + 1.1 || Northern Plateau ........... 31) +01 
Ohio Valley and Tennessee. . 79 + 7) Northern Plateau ........... 42 —2 Lower Lake.................. 4.4, — 0.1 || North Pacific................ 44° +0605 
Lower 75 + North Pacific ............... 74 — § 4.8 0.0 || Middle Pacific .............. 40; +1.2 
Upper Lake .................. 78 | -+ 8 || Middle Pacific............... 63 +1 orth Dakota................ 4.8 | + 0.9 || South Pacific................ 26) 
orth Dakota................ +10 || South 68 2 Upper Mississippi Valley..... 4.8) + 0.7 
Mississippi ind 77 +7 


CLIMATOLOGICAL SUMMARY. 
By Mr. James Berry, Chief of the Climatological Division. 
TEMPERATURE AND PRECIPITATION BY SECTIONS, AUGUST, 1906. 
lowest temperatures, the average precipitation, and the great- 
est and least monthly amounts are found by using all trust- 
worthy records available. 

The mean departures from normal temperature and precipi- 
tation are based only on records from stations that have ten 
or more years of observation. Of course the number of such 
records is smaller than the total number of stations. 


In the following table are given, for the various sections of 
the Climatological Service of the Weather Bureau, the aver- 
age temperature and rainfall, the stations reporting the highest 
and lowest temperatures with dates of occurrence, the stations 
reporting greatest and least monthly precipitation, and other 
data, as indicated by the several headings. 

The mean temperatures for each section, the highest and 


Temperature—in degrees Fahrenheit. Precipitation—in inches and hundredths, 
a Monthy extremes. H Greatest monthly. Least monthly 
a | 
| & | | 
= | i 
ccccccess 80.4 0.9 | Newberne .......... 102 28,30] 3.78 | —0.92 | | 11.28 || Selma............... | 0. 66 
Arizona............-.+++ 4\|— 27) Casagrande......... 117 6 || Quakingasp . 24-26 | 3.52 | +1.26 || Oracle .............. | 7.91 || Sentinel ............ | 0.58 
Arkansas 77.9 1.4 | Jonesboro, Warren. | 100 4.92 | +1.04 || Arnett.............. 11.41 || Cornerstone ........ | 0.50 
73.6 + 0.6 Mammoth 124 12 || Tamarack ......... 247 0.13 | +0.08 | Needles............. 5. 66 0.00 
Colorado 64.2 1.2 Las Animas ......... 106 21 | Springs .. 1.91 | —0.05 | Sugar City.......... 4.90 | Blaine. 
81.4 |— 0.1 || Madison...... ..... 100 | 9,10 || Molino.............. 4] 7.20| +2.20 | Tarpon Springs ..... 20.99 |) 
80.1 0.9 1] 5.82 | 40.18 | Glennville.......... 12.81 || Valdosta............. 1.49 
|| Humuula, Hawaii. . 2g | [8.87 |........ || Honomanu V., Maui 34.99 || Waiopae ranch, Maui 0. 00 
ambridge.... ..... | | } 
66.6 — 0.8 | ang Chesterfield......... 25 | 0.97 | +0.54 | Weston ............. | £86 || Pearl.............. | T 
101 1 
76.3 2.4 101 “a Kishwaukee ........ 28] 4.01 | +0.85 | Palestine ........... OOF 0. 80 
rs 76.1 |+ 2.7 || Setations........... 98 4 dates 3 stations ........... 28f 468 | +1.81 || Marion ............. | @ | Syracuse............ | 2.04 
74.1 21 || 101| 16 || Washts............. 27} 3.95 | +0.38 | Sibley ............. 10.51 || Allerton............ 0,92 
76.3 |\— 0.7 | Coolidge ............ 105 3.98 | +1.04 | Baker............... 10.91 || Lebanon............ 
77.4 1.4 Maysville........... 99 24) | 4.37 | +0.98 | Falmouth........... 8.96 || Louisville .......... | 1.92 
Louisiana ............... 82.1 0.6 | Alexandria ......... 105 22 || stations ........... 27-29 2.92 | —2.09 | Pearl River. . 8.02 || St. Francisville ..... 0, 25 
Maryland and Delaware.[ 75.2 1.8 Milford, Del ........ 97 7 || Deer Park, Md...... 15] 8.44 | +4.51 ‘D.C 14.86 |) Oakland, Md........ 2. 98 
70.3 |+ 4.4) Sstations........... 96 4dates| Humboldt.......... 817 293 | —0.01  Marlboro........... 9.40 || Traverse City....... 0. 82 
Minnesota .............. 68.7 1.4 Lynd, Rouse........ 102 17 | International Falls, 466 | 41.47 Park Rapids 10.13 || International Falls. 0.53 
80.6 |+ 0.4 || 5stations...........| 101 dates| Ripley........ ..... 29% 3.00 | —1.58 | Meridian ........... 8.95 || Jackson............. 0.75 
76.6 |+ 0.3 Princeton 16 || 3 stations........... 27,28 4.72 | +0.53 | Warsaw............. 12 43 || Newada............. 1, 28 
64.3 0.8 Plentywood......... 108 15 | Grayling 26,30 2.25) +1.20 | Tokma.............. 4.07 || Plentywood.........) 0.12 
Nebraska ..............4 72.5 |— 0.3 | Lynch, Santee......| 104| 16 3.66 | +0.62 | Hartington ......... 10.75 || Guide Rock.........| 0.95 
111 0.82 | +0.12 | Geyser.............. 4.93 || 4stations........... 6.00 
New England*.......... 70.0 2.7 |) Milli Me..... 102 19 || Woodstock, Vt...... 17] 2.68 | —1.24 | Mount Tom, Mass... 8.01 | Franklin Falls, N.H) 0.56 
New Jersey ............. 74.6 |+ 24 | Indian Mills........ 97 6 || Charlotteburg ...... 16§ 5.95 | +1.11 | Toms River......... 17.91 || Bergen Point ....... | 22 
New Mexico ............ 68.7 |\— 1.9 San Marcial ........| 105 1 || Red River ......... 16,29 2.82) +0.38 || Elk................. 6.64 | 0.30 
70.6 |+ 3.7 || Elmira. ........... 100 23 || Indian Lake... .. 15] 3.44 | —0.04 | Angelica............ 8.33 || Appleton ........... | 1.44 
North Carolina ........ 78.2 2.1 || Moncure, Selma ....| 98 11 || Pink Beds.......... 9.26 | +2.91 | Henderson.......... 16. 00 eville . 8. 89 
North Dakota........... 66.2 |+ 0.4 Ellendale........... 107 319 1.90 | 40.41 — 3.30 || Walhalla.. .........| 0.84 
and Indian | 77.6 — 3.1 Temple, 101 16,30 | Beaver, Okla........ 274 6.57 | +3.53 Holdenvilie, Ind. T 14.85 | Kenton, Okla ....... 1,16 
es. 
Oregon ............... 67.0 1.5 || Beulah.............. 4 0.24 | | 1.08 || 15 stations... .... 0.00 
Pennsylvania ...........]. 732 3.0 || Freeport............ 96 6 || Pocono Lake........ 17] 5.62 | +1.72 Philadelphia (c) 11.65 | Wilkes-Barre ...... 1. 62 
| San Lorenzo ........ 103 8) 18] 5.98 |........|| Las Marias........ 20.35 | Santa Isabel........ 0. 02 
South Carolina .......... 80.6 |+ 1.2 | 3stations........... 100 | 7,10 || Trenton ............ 1] 6.62 | +0.63 | Spartanburg........ 12.45 || Allendale........... 2.00 
South Dakota ........... 106 Little Eagle 26,27) 5.41 | +3.34 | Plankinton .... .... 10.20 || Spearfish............ 1.68 
Tennessee .............4 77.5 |+ 1.1 || Cedar Hill.......... 101 30] 4.28 | 40.45 | Elizabethton........ 8.12 || Center Point........| 1.28 
80 0 |— 1.8 || Tilden.............. 104 || Rhineland.......... 28] 3.54 +1.56 | Ballinger ........... | 12.64 || Athens.............. 0.50 
68.9 |— 0.7 | | 28 | 2.09 | 41.25 | Morgan............. 4.87 || Indianola........... 0. 30 
ied cnccenessanes 76.2 |+ 1.9 || 8 stations........... 98 | 6,7,9 || Hot Springs ........ 31] 9.51 | +5.34 | Callaville........... | 16.75 || Lynchburg..........| 4. 84 
Washin 66.3 0.6 Ranch ..| 108 10 || Northport .......... 209 0.34 | —0.36 | Zindel.............. 1.85 || 2stations........... 0. 00 
West Virginia ......... 75.4 |+ 2.6 | Suttom.............. 98 6 New Cumberland... 5.15) +0.99 | Pickems............. 2.18 
0.4 28 Amhersi, Neilisville. 98 20 || Prentice .... ....... 31] 4.07 | +0.68 | Brodhead .......... 8.55 | Menasha 1, 37 
62.1 |\— 0.6 || Alcova.............. 105 17 | Snake River, Y.N.P. 274 1.97 | +0.66 || Story ............... 4.94 Cheyenne (ex. farm) 0.47 


* Maine, New Ha Hampshire, V Vermont, , Massachusetts, Rhode Island, and Connecticut. 


+50 stations, with an average elevation of 767 feet. 1147 stations. 


DESORIPTION OF TABLES AND OHARTS. 


By Mr. P. C. Day, Assistant Chief, Division of Meteorological Records. 
For description of tables and charts see page 38 of Review for January, 1906. 
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TABLE I.—Climatological data for U. S. Weather Bureau stations, August, 1906. 
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Stations. 3s | Sos | 
- 
33 
| 
|< | | | 
| New England. 48 
Portiand, Me... 6 5,710 40) nw. 8 4.5 
Concord........ 7 2,910 se. 20 nw. 2 2.8 
Darlington. .... 9 6,781 s. 30s. 10 42 
Northfield. ..... 6 4,702 32 nw. 4.3 
. 7 6,000 sw. 28 sw, ll 5.5 
10 9,343 sw. 38 ne. 8 5.3 
9 9,524 sw. 33° ne. 6 4.7 
9 3,851 sw. 19 nw. 8 5.1 
11 4,374 27) sw. 12 6.3 
| 8 5,558 s. 2 ne. at 
4 
8 4,535 s. 6@ nm 5.1 
10 2,937 e. 31 6.2 
11 6443 36 ne. 6 6.5 
12 3,792 e. 38) 6 § 12 6.7 
15 6,160 sw. 44 ne. 21 5 9 7.3 
11 4,262 sw. 2 nw. 2 714 5.6 
15 | 5,357 sw. 2 sw. 27 2 18 7.3 : 
14 51010 8. 6.0 
16 | 3388 sw. 24 se. 2,23 9 7.7 ‘ 
16 37 nw. 21 14 7.0 H 
18 7, 40 n. 7 5 16 6.0 
is 18 7 6 6.1 
20 7, 40 nw. 27 38 15 6.9 q 
19 5, 31 os. ll 2 15 6.7 
M4 4 24 7 416 5.9 
21 2, we 0 2 22 
19 3,209 se, 24 e. 25 #1 16 14 7.1 
23 3,342 sw. 28 nw. 10 2 17 12 68 
12 8,453 sw. 35 sw. 27 15 10 6 45 
22 3,421 sw. 20 se. 26517 9 
2 4868 sw. 2% s 121 9 
18 6,577 27 s. 2 521 5 
18 3,606 8. 24° 12 4 12 15 
17 3,633 se. 37 22 52% 
9 4,727 sw. 2% sw. 28 4 17 10 
13 5,768; se. 33 ow. 27 6 17 8 
J 
T : 
Thomasville ........ 
Pensacola ........... 5.4 
Anniston ........... 6.9 
Birmingham .... .. 6.8 
4.7 
4.1 
4.2 
6.2 
West Gulf States. 46 
er 29. r 10 3,354 sw. 81 ne, 1717 11 3 36 
29. 18 2.561 4. 17 sw. 23 16 9 12 5.8 
Genie 29. 15 3,991 e 40 se. 16 918 4 4,4 
29. 10 3,707 nw. 32 nw. 11 11 12 8 5.1 
29. 4 7,699 se. 30 se. 919 7 5 3.6 
eceee 2 7 6,367 sw. 30 ne, 11 15 14 2 3.8 
eevee 6 6,198 se. 26 se, 91710 439 
11 4,347 8. 22 5 5 14 12 6.8 
9 4,468 mm 22 26 10 200 
5 5,157 3 30. os. 2113 11 744 
Vail. an 6.6 
76: - | 24) se, 5.9 
00. 40 nw, 6.8 
546 | 2 se, 6.5 
} 30 se, 5.4 
525) 2 new 11 9 18 5.4 
sbeses 431 23 s. 26 12 14 44 
822 31 se. 9 15 
628 24 sw. 8 8 18 5.0 
| 824 39 ose. 17 7 19 5.1 
842 nw. 27 7 15 5.7 
638 711 14 4.4 
Buffalo. ....... oe sw. 41 w. 5.2 
sw. 36 sw. 3.5 
Oswego........B.. 8. 28 «one. 4.5 
Rochester..... .. 9 4,712 sw. 23 ne. 5.0 
....--. 7 6,214 36 Ow. 5.3 
7 6,647 w. 30 se, 41 
Cleveland ..... 8,161 se. 42 nz 4.8 
Sandusky ..... 2 4,609 sw. 32 w. 3.9 
Toledo ........ 1 8,281 sw. 41 3.5 
Detroit ........H.. 0 6,352 sw. 36 sw. 
Upper Lake Region. 4 
92 29.34 0 6,139 se. e. 3.8 
Escanaba............ 82 29.33 2 642% s. 2% s. 4.5 
Grand Haven........ 92 «29. 30 8 6,101 sw. 28 sw. 5.0 
| 
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TaBLE I.—Climatological data for U. S. Weather Bureau stations, August, 1906—Oontinued. 


Elevation of Temperature of the air, in degrees © |= | Preci | 
instruments. Pressure, in inches. Fahrenheit.’ 5 Wind. 
707 121 162 29.24 29.99 —.01 73.4 +32 92 283 50 28 Gi 31 G6 62 75 1.83 —06 9 | lad 
Houghton .........- 668 66 74 29.26 29.98 + .01 65.8 ....... 89 275 45 31 67 | 32 aw. 12 it 
Marquette..-........ 734 77 116 29.20 29.99 + 01 65.6 + 20 86 15 73 44 31 58 23 60 57 77 3.23 +08 II 5,918 n. 36 w. 22 11 12 8&8 
Port Huron......... 638 70 120 29.31 30.00 .00 726 45.6 92 22 82 52 31 64 25 66 63 78 O91 —16 9 6.256 ne. 42 w. 412 11 8 80 
Gault Ste, Marie | G1 | 30.82 | + 01 657 +49 87 | 17 1.68 8 5157 | se. 38 nw. 29 11112 8 
98 |—. 5.6 + 4. 5627 70 21 68 6 76 1.48 —1. 8,312 | 
681122 142 29.27 30.00 (00 730 +47 92 21 80 53 27 66 20 67 64 3.87 rit 408 "7 is 
Green Bay.........- 8s 23.31 29.96 — .03 70.8 +41 93 2080 48 27 61 2 64 62 78 7.93 11 6,041 sw. 40 se. 25 9 11 
96 — 88 16 72 42 31 56 29 58 5S 76 3.95 +06 9 9442 ne. 38 ne. 23 13/10 8 43 
Dabota 8 7% #233 0.0 | 
940 8 57 28.95 29.96 .00 67.0 + 1.8 92 1677 41 27 57 37 62 58 = 
1,674 15 57 28.21 29.97 + .03 67.4 —0.1 99 1679 46 30 56 43 60 56 73 Ht} . elas 
Devils Lake......... 1,482 11 44 28.40 29.95 + 101 16 80 39 30 52 48 70 0.50. 6 7955 se. nw. 2714 8 9 46 
po 44 27.97 29.91 — .02 rl Be 98 18 78 40 26 54 37 58 54 69 2.39 +12 12 5,879 se. 40 nw. 9 17 5 9 4.6 
ey. 7” #442 +14 
7.4 423 98 16 80 49 27 63 2% of 
St. Paul... 171 179 29.05 29.94 71.3 + 22 93 16 80 48 27 G2 29 “es 61 | 75 $2 10 10 
rosse .........- . 95 — 3.1 20 82 49 | 
Charles City 1,015 28. 90 29. 96 71.8 0.2 92 16 42 27 62 81 66 64 84 452 $1.7 11 219 se 6 13 12 
venport .......... |— 243.4 9 23:86 49 27 67 25 68 6 74 3.50 —O.1 11 4,178 w. : 
ai... 861 84 101 29.07 29:95 —.02 749 +29 97 16 8 46 27 65 29 67 64 74 486 +1. ‘ ‘ ow. |ailm alee 
1.6 11 4,646 sw. 28 sw. 28 1116 4 5.0 
Dubuque............ 698100 117 29.24 29.97 —.01 742 +26 92 93 84 48 97 65 67 64176 444 48 
Keokuk...........-. 64 78 29.32 29.98 76.6 +21 9% 287 5 27 68 65 sw. nw. 8 
356 87 93 29.62 29.99 00 77.9 +09 91 19 86 59 28 70 23 73 72 +29 | isl 
29. 42 29. 99 00 75.2 9 3 86| 50 28 64/81 ........ 7.25 | | ow. | Hie 
5.4 ....... 387) 44 2 64 36/6 "7% | 1.00 |....... ‘ 
Springfield, Til 644 10 92 29.30 29.98 —.01 77.0 +36 95 3 88 50 28 66 30 3 425 io 542 ow nw. 
29.40 | 29.97 — .01 75.9 + 1.7 94) 4 48 98 65 82)....)....).... 490 9 5,041 sw. 30 nw. 7 
St. Lou seco 29.38 29.97 — .02 joe an” 93 286 57 27 70 2 69 6 70 3.72 $0.2, 7 5,842 sw. % sw. 9 1218 6 46) 
| | | 
Columbia, Me....... 784 11 84 29.16 29.96 —.01 762 40.2 9 3888 47 65 34 
Kansas City ........ 963 78 95 28.98 29.98 + .01 77.6 + 1.9 98 17 86 57 70 38 ‘69 «66 13 
Springfield, Mo 1, 324, 98 104 62 30. 00 + 08 741 89 16 82 27 66 27 68 66 60424 16 5.064 
Lincoln 1, 28. 69 29. 92 — 76.2 + 2.6 98 16 87 47 27 G5 33 67 64°72 2.74 —0.5 10 6399's. 22 sw 8 Hie 
|—. 3.0 +14 9% 16 82 43 27 64 33 2.74 —0.4, 9 7,567 | 
1,572 43 50 28.29 29.93 —.01 72.2 —0.6 101 16 838 46 27 61 36 63 59 
,306 56 67 28.57 29.95 .00 7.2 +18 16 81 41 27 59 | 
1,233 49 57 28.62 29.91 —.04 729 + 1.1 99 16 84 47 27 62 it ia 15 
Pe 2,505 11 44 27,82 29.91.00 re 103 12 81 40 26 53 48 57 50 tS | 
Miles City 2,371 28 27. 45 29. 95 + 70.3 — 1.4 106 1283 41 28 58 4489 52 62 14 10 
95 +. 5.4 —11 97 1778 4 206 53 36 53 46 58 «21.79 
Kalispell. .... 8 34 26.90 29.91 + .02 63.7. 92 1178 40 26 50 8 
Rapid as 3,234 46 50 26.61 29.96 +.03 67.8 —26 97 16 78 43 26 57 | uw. 
56 72 «45.67 + 4.4 12 5,081 se, 36 nw 
Cheyenne .......... 6 56 64 24.09 29.93 + .01 647 —03 88 1779 43 8 St | 
Lander ............. 5.872 26 86 2470 6.0 16s 35 BO 47 G2 128 9 Mos 
& 53 47 62 1.26 +06 9 2365 sw. 84 
Yellowstone Park... 6,200 11 48 23.94 29.94 + .01 59.3 ....... 87 16 74 32 26 45 
North Platte........ 2,821 11 51 27.08 29.96 + .02 71.9 ras % 44 «26 59 +31 3 
5,291 129 136 24.79 29.95 + .03 702 + 0.1 93 16 84 50 26 56 
ee 3 ° 5 4 am 
Pueblo... 25. $2 29.90 — 72.4 + 96 21 86 51 31 58 38 7 is 1.58 
96 6 +8 18 89 47 27 66 34 68 64 7 1.73 —0.9| 5 4,782 
2,509 44 54 27.40 29.94 + .01 748 —O.4 95 22 87 45 27 62 63 
1,358 78 86 28.57 29.97 +.02 77.3 94 10 88 50 27 67 66 3 30 10 ial 12 13 
Oklahoma .......... 1,214 10 47 28:70 29.94 .00 764 —26 92 15 86 52 27 67 % 70 68 79 834 45.6 15 9,001 s. 38 
.18 29.95 +.08 781 —2.1 93 29 87 59 28 69 70 66 45 | 
Amarillo............ 3,676 10 49 26.28 29.94 +.02 734 +05 98 2 85 53 27 62 60 ce. | 129 
Del Rio 28. 98 29.90 .00 80.8 ....... 99 2690 66 2 71 29 ........... | 5.875 se. sw 10 8 18 
32 29.87 9 787 57 2 62 32 63 60 9 3,619 se, 26 nw. 24 11 15 548 
8,762 10 110 26.17 29.84 .0 768 —22 % 787 59 31 8 
Santa Fe............ 7,013 33 39 23.35 29.88 —.01 65.6 —0.7 83 14 77 48 29 33 39 it 14 
Flagstaff 13 “ 28. 44 29. 87 + 60.7 -4e 3 74 38 28 38 52 71. 3.28 «4006.0 14 3.592 24 sw 4 18 
Phoenix | | 38.68 | 78 | 98.7 |— 25 4 31 68 47, 207 41.2) 5/3187 8 n 41814 442 
—. Lo 13102 68 23 76 36 71°63 1.69 + 1.3 
8.9 — 69 +1.3 4 40% se. 34 © 17% 3 21.5 
25.95 29.84 + .03 75.6 —38 9 16 91 50 2 60 38 57 41 3 0. 04 + 33 3 4.473 nw. 2 nw. 10 23 5 323 
4,532 56 63 25.46 29.86 +.02 704 41.7 9 9 87 42 2 ‘ | 
innemucea ....... 4,344 18 86 25. 58 29. 89 + 69.6 —10 97 16 89 38 24 50 47 51 37 38 O45 40.4 4/2552 sw. 32 | 
68, 29.87 +. 8.4 —13 92 15 44/24 55 38 54 45 54 8.40 4+ 2.2 12 7,281 7 
110 25.59 29.87 —.04 73.0 —1.6 9 1085 50°25 61 34 57 47 44 223416 10 | sisal aaa 
5 : "313 se. e 31611 484 
56 2374 29.91 646 —23 87 780 44°26 50 39 5245 60 1.83 
f 4,021 nw. 29 8s 9 10 18 8 5.0 
51 25.38 29.90 .00 9% 11 88 52 26 61 35 Se 45 @ 0.86 73.313 nw. 2 w. 13 15 12 3.9 
58 26.42 29.94 —.01 66.6 +05 97 10 82 41 23 52 39 SI 39 ; t 
25. 48 29.91 — .O1 6.4 —0.2 9% 10 83 2 55 40 42 wiv as 
E 92 —. 20 54 41 53 41 44! 
79 28.86 29.91 — .05 70.6 |+ 0.8 11 88 53 22 62 338 59 48 42 ial oes 
‘ 7% 0.20 —0.7 5 
56 29.84 90.06 +.03 566 —25 76 2660 49 19 53 21 55 53 ve $5 
29 29.77 30.05 +.03 55.4 78 2664 38 17 46 3$2......... 0:38 | 20 18 13 
224 29.90 30.03 + .03 65.0 +07 81 2974 5O 18 55 2% 57 Sl 64 O15 —O4 2 4.833 nw. 2% 58 14 18 15 sai 
120 29.79 30.01 —.01 641 +25 84 1175 45 «17 58 2 ....... 0.08 —0.6 2 325 n° 18 sw. 1314 8 9 42 
57 29.9 30.04 +.04 55.2 —0.6 66 2% 60 48 29 SI 17 54 52 91 O69 —1.7 3/8225 sw. 36 4 9 6 16 6.6 
= 158 68 96 29.82 29.98 — .03 68.2 +23 89 11.80 48 17 56 30 59 352 0.05 —0.5 1 3.689 nw. 19 w. 1219 9 384 
Rose 68.5 +23 98 2% 86 42 21 51 46 57 50 61 O01 —O2 1/2653 now. 18 n. (18% 4 21.5 
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TABLE II.—Climatological record of cooperative observera—Continued. 


Temperature. Precipita- Temperature, Precipita- re. Precipita- 
(Fahrenheit. ) tion. (Fahrenheit. ) tion. (Fahrenheit. ) tion. 
— 
a 
Stations, Stations. | a sites Stations. 
Arkansas—Cont’d. Ins. | Ins, | California—Cont’d ° ° | Ins. Ins, Colorado—Cont’ a. | Ins. | Ins, 
94 53 | 77.8) 7.90 1 39 95 43 | 69.3 0.70 
97 52 | 80.4) 1.06 Nevada City.............. 42/704) T _ 84-30 | 58.6 | 1.14 
Pocahontas............... 944-474 74.54) 8.80 ew 104 48 77.9) 0.00) Hahns Peak.............. 80 26 54.2) 1.60 
90 46 74.6) 5.36 113 50 | 81.7) 0.00. Ham A 89 42/ 65.3) 2.56 
98 53 | 80.9) 251 50 | 67.1 T. ch. 40 | 68.6) 0.84 
Rison,.... 97° 79.5¢| 1.04 62 | 82.6 | 0.00 100; 49) 73.5] 0,21 
90 46 | 73.3) 5.81 | North Bloomfield......... 98 43 | 72.2 Holyoke (near) .......... 98 42/714) 2.15 
Russellville .............. | 52 | 78.3 7.86 52 | 62.5! 0.00 Idaho 88 42: | 60.8 | 219 
7. 08 || Ojai Valley 46) 71.2) T. | Lake 88-87 | 59.0) 2.07 
sha tgart.... | 111 48 80.7) 0.00 Lake Moraine............ 383 51.3] 8.98 
Texarkana ............... | 99) 52) 81.2! 0.85 Oroville 105) 52/791! T. 100 46 75.5) 258 
White Cliffs... .......... 2. 75 | 105 49 77.8) 0.00 Las Animas...........__. 106 49 | 74.9! 3.40 
| 95) 2. 69 Peachland. . 98 42 0.00) 89/ 29/ 62.6) 1.43 
Winchester............... | 97] 81.8 ].......| Pine Crest................ 95 50) 65.4] 0.20 9 70.1) 2,838 
Witts Springs ............ | 72.5¢| 4.24 Placerville .............. 46 70.4) 0.00. Longs 75 27 | 52.3/ 1.39 
California. | Point Lobos .............. 70 53 | 60.3 89 46 | 68.8) 0.78 
| 97 36 | 67.2) 0.05 107 54 | 81.2) 0.00 Manassa...... 81 36 | 60.4) 0.19 
110 40 | 80.6 0.00 Poway ee 51 74.6 7. 87 39 | 63.7| 0,92 
100, 56 | 79.2) 0.00 9 37 | 65.4) 0.43. Meeker.... 86 62.3) 1.17 
02) 45/724 0.03 101; 57) 81.1) T | Montrose................. 91 1.68 
116) 69/926) T. | 108 | 49/ 77.7) 0.04 81s | 58.0) 1.49 
ersfield .......... 110 55 | 82.5 0.00) 110 52 | 81.8 88 = 81: | 61.2) 1.10 
Berkeley ................. 85 52 | 61.6 | 0.04 } 110 52 | 77.2| 0,02 | Platte 1,09 
Blocksburg............... 97 40 | 67.6) 0.00 Riverside ............... 105 47 | 73.3 7.: | 67.8 | 0.60 
Blue Canyon ..... | 40 | 63.6 | 0.00 105 S| 3.77 
93 38 | 67.4 0.00 ramento.............. 94 50 | 70.5 | 61.3 0.95 
Brush Creek ............. 102 44 71.6 90 48 63.0) 0.00. 61.2| 1.28 
Calexico ................ 112) 68 | 88.5) 0.45 San Bernardino .......... Wl) 76.4) T. 61.6 | 2.56 
96 45 | 65.6 0.00 San Jacinto .............. 105 47 | 77.1 58.3 1.06 
ole San Leandro 50 | 64.1 0.00 | 74.0) 2.63 
39 71.5 | 0.42 Santa Barbara........... 90 52 | 66.3 0.04 66.9 | 1,20 
51 | 781) 0.02 Santa Clara College 99 45 | 67.4| 0.00) 53.0) 2.72 
40 | 70.2) 0.00 Biase 4.90 
38 | 74.0) 0.00 76 52 | 64.2/.......) 69.5 | 0.83 
0.00 100 | 40 | 66.6 | 0.00 | 59.0 | 4.40 
0. 00 | 109 | 54 84.0) 0.00. 
39 | 54.5) 0.00) 100 52 | 73.2 0,00 | 80 28 | 55.8 2.60 
101 40 | 71.3] 0.31 91 66.6| 1.35 
42 | 63.9) 3.00 98 48 | 65.6 | 0.00 84s 38 | 60.0 0.89 
58 | 81.2) 0.00 94 70.3) 0.00 71 30 | 2.65 
56 | 80.0 0.00 101 48 | 73.6 9 44/ 3.57 
0. 00 106 48 | 78.0) 0.00 1,98 
| | 78.1) 0.00 86 45 67.6 | 0.00 | 
47 | 73.6) 0.18 838 58 | 74.0 1.00 | 9 54/740) 1.55 
55 | 80.6) 0.00 90 42 | 68.1 | 0.77 | 9 45| 70.6) 3.19 
52 | 79.0) 0.00 34) 59.0 90° 48°! 70.8°) 1.54 
42 | 76.0 T. 57 | 81.0) 0.00 ~ nee 2. 85 
53 | 70.3) 0.40 43 | 70.8 pawlervil case 90 70.6) 2.17 
40 72.4) 0.03 40 | 62.8) 0,46 Lake 2.51 
53 | 79.6 | 90 73.0) 2.10 
0. 05 41 | 73.2) 0.00. 91) 46/ 71.4!) 1.96 
45 | 56.8 0.00 50 | 72.4) 0.00. 92 50 | 72.2) 3.09 
4775.0) 49 | 76.8 | 0.00. Southington..." 47/ 71.7! 1.90 
51 | 77.6 | 0.00 South Manchester 8.27 
$0 0. 23 73.8) 0.00 89 216 
Greenville................| 36 | 67.4 0.74 55 | 80.8/ 0.00. Voluntown 90 | 71.6) 3.39 
T. GOS Wallingford 91 54) 72.8) 2.52 
40 | 76.2) 0.00 51| 76.6) T. Waterbury 9 47/73.6) 2.71 
Healdsburg 40 | 70.2) 0.00 42 | 70.0| 0.00 West Cornwall... 92 49/ 69.0) 3.14 
40 | 65.8 | 0.00 48 65.8 | 0.00 
di 67 | 90.5) 1.07 42 70.2; 0.98 Delaware 11. 66 
36 | 66.2 | 2.77 42 | 67.2) 0.00 Dover ..... 93 | 594) 76.2¢) 4,12 
48 | 75.0) 0.03 97 63 | 78.2 | 12.10 
51 | 76.8) 0.00 36 | 61.4) 0.71 92' 62/ 76.0! 8.46 
Gold Mine ..... 0. 00 25 | 53.0| 1.82 91; 75.6) 7.86 
44 | 69.4 0.00 45 | 67.8] 2.18 Florida. 
Laporte....... .. 39 | 63.9 T. 29/538! 1.36 Apalachicola ............. 93 72 | 81.6 | 10.36 
Legrande 50 | 30.9 0.60 48 72.2| 0.12 70] 81.6)....... 
45 | 78.6 0.00 49 | 68.9| 250 Avon Park .. 94, 81.3) 9.56 
Lick Observatory ........ 51 71.8 T. ah ne 97 71 | 82.38; 4.78 
49 71.8) 0.00 71.0| 2.02) 99! 69 82.5!) 4.60 
49/ 72.6) 47| 72.1] 1,42) Brooksville 95 | 81.2) 7.42 
Lone 44/736) 0.01 45 | 67.8) 255) Clermont................. 99 71 | 82.7) 443 
47 | 63.0| 0.00 41 | 68.5 | 0.63 De Funiak 98 69/ 81.4! 4.30 
40 | 70.4) 0.04 86 44 64.6 2.20 97 69 | 81.0! 6.08 
52 92.6) 0.40 Cheyenne 96 71.6) 2.39 Federal Point 9 | 81.5) 8.60 
4977.6) 0.00 72 35 | 53.6 | 3.47 97 69 | 81.6 |....... 
ca 64 | 88.2) 2 60 92 38 66.6 | 0.78 Fernandina . 96 73 | 81.4) 4.45 
52 | 80.5) 0.00 Colorado Springs......... 86 45 66.3) 203) ort Meade .............. 98 70 | 81.8 | 17.58 
0.00 | Cripplecreek Fort 92 70 | 79.8 | 12.02. 
0. 00 97 4372.2) 0.60. ort Pierce. . 91 70 | 80.0) 6.70 
Milton (near)... 53 | 78.8 T 81 27 | 57.0) 1.69 | Gainesville. .. 71/828) 449 
Mokelumne 50/766) T. Fort 92 39 | 67.2| 0.80 Grasmere 96 
ono Ranch 43 | 68.1 0. 90 98 70 | 81.3) 4.89 
4674.0) 0.00 Frances . . 81 38 | 59.6 | 2.79 92; 81.4! 7.47 
76.2) 0.00 99 42 | 72.2) 0.86 | 70/ 81.0) 5.95 
Monumental 44 69.6 7. __ 86 82 60.4) 0.34 70 | 81.6) 9.74 
+ 0.00 41 | 3.29 Johnstown ............... 81.8¢ 3 67 
Napa....... 51 | 68.0; 0.00 Glen wood Springs........ 90 34 | 63.6) 0.99 Kissimmee............... 82.0 2.59 
68 ' 89.2! 5.66 Grand Valley............. 97 38 70.2! 0,89 96 71' 82.1! 3.92 
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TABLE II.— Climatological record of cooperative observers—Continued. 
Temperature. Precipita- Tem Preci 
perature, Precipita- peratu 
(Fahrenheit. ) tion. (Fahreuheit. ) ( Fahrenheit.) tiene 
° 
: | 3 3 
Stations. j | ae Stations. AY ae Stations. 
| 77,8 | 12.85 2. 42 OBWOZO.. 94 45 | 76.3 | 3.07 
ss cul 95 40 | 73.7) 1.90 Plainville ....... 98 46 | 74.6) 1.35 
20 Rock Ra | oses 98 4472.0) 3.65 102 44 «75.4 
| 95 47 | 76.1 2. 31° Ulysses@..... 102 47 | 76.8 |....... 
os 97 40 | 73.0| 5.25 Valley Falls..............| 4 | 75.2| 5.75 
Simmel an 97 41 | 69.9 | 10.51 Wakeeney..... 102 47 | 75.6 | 382 
95 46 | 76.1 2.10 Walnut....... oe 50 | 78.0 | 4.29 
73.5) 4.85 | 8 nfield ...... 98 | 76.4) 4.49 
94 43 | 74.5 Yates Center............. 95 47 | 77.0 + 8.44 
a piesa 93 46 | 75.1 | 298 62 | 76.2| 5.19 
ime! an 100 33 | 73.0) 2.19 Anchorage 95 51 | 77.0| 3.88 
on 45 | 74.8 | 2.87 Bardstown ........... 55 | 79.4) 3.36 
sims! 924) 454) 74.44) 3.81 Beattyville......... 60 | 78.2) 5.70 
Buckingh 93 45 | 73.8 | 2.50 Beaver Dam.......... 54 | 78.4) 419 
Webster City............ 97 48 74.9) 211 Be 95 57 | 77.7 | 4.28 
95 42 71.6| 6.79 90 56 | 77.0) 38.28 
Cedar Rapids a ae 91 42 56 | 78.8 | 4.19 
aes 7 | 74. 3! 2. 64 60 | 75.7 | 5.25 
Clarinda ........... 4175.3 252 Woodburn ..... o2| 40 | 7 | 
College Springs........... 95 | 41| 74.4) 5.83 Abilene 
Columbus Junction ...... 92 | 47 | 75.3 4.06 Alton ..... | 2 57|766| 2.50 
Sitas| ter 96 51 | 76.6) 5,04 93 55 | 77.2) 4.24 
95 44 (75.7 | 10.91 90 56 | 76.8) 4.69 
97 45 | 77.6 | 2.42 95 56 | 78.4 | 4.25 
% | 44/748) 3.42 Clay Center........ 38 |77.4| 4 
4 4.16 95 53 | 78.4) 4.47 
| 44/742) 6.33 | 105| 47 | 76. 
7 .0 1.91 90 56 | 76.2) 6. 
re 102 47 | 75.2 1,89 96 54 | 77.8 6. 86 
Post Ded 93 44 | 76.2 | 6.27 95 63 | 78.6 4.71 
96 46 | 75.8 | 2.28 93 55 | 780) 38.96 
95 46 76.7) 3.06 Middlesboro ............. 93 62 | 77.6 | 3.92 
97 49 | 77.6 | 4,22 Mount Sterling ........ 58 | 77.2) 6.28 
Si 95 44 76.6) 262 Owensboro ...............| 91 58 | 77.8) 5.92 
Sine! 93 46 | 76.2) 3.58 Paducah ...... 98 59 | 80.5 | 2.72 
101 44 | 75.3 2.16 Richmond............ 93 59 | 77.4 | 3.08 
45 76.0 7. 82 St. John........- 93 53 | 75.4 | 2.40 
Hampton................ 97 | 744) 4.26 9% | 46 77.1) 3.48 94| 58|77.1| 4.37 
Site! 100 43 | 75.8 | 4.37 Shelby City .............. 95 53 | 75.9 3.00 
Simei 2 | 94 47 | 76.2) 3.23) Shelbyville............... 96 51 | 77.5 | 4.08 
= ~ 102 45 | 77.2) 91 55 | 76.5 | 6.29 
Humbolt .............- 92 44 72.0 5. 58 Goodl: a 4 aa $3 
an 99 42 | 72.8] 2.08 Williamstown ...... 55 | 76.2 | 5.47 
a 93 46 | 75.7 | 4.60 Abbeville ..... an 61 | 82.2) 4.54 
City .... $7) 46 | 5.34 101 | 36 | 75.6) 2.87 Baton Rouge...-......... 99 | 62 | 82.6 | 1.08 
48 | 76.4 | 7.10) 96 63 | 81.0) 1.34 
17 94 46 76.4 7.85 96 60 | 80.2) 4.34 
2. 27 97 50 | 78.8! 5.23 100 55 | 82.4) 1.86 
100 43 76.4) 3.19 Donaldsonville........... 98 66 | 82.8 2.76 
99 41 | 73.4) 0.87 Farmerville.............. 98 52 | 81.0) 0.70 
91 98 39 75.0 5.05 Franklin ....... 99 63 | 82.6 | 4.49 
99 984, 474) 76.84) T. Grand Coteau .......... 98 58 | 82.0! 1.65 
Maple 95 46 | 76.1 | 3.738 99 65 | 82.0) 5,30 
98 45 | 78.4) 2.99 ---| 95 60 | 81.6 | 4.24 
Mason City. sville ...... 93 44 | 74.4) 9,22 Lafayette 58 | 81.6 | 2.24 
5.54 Manhattan b... 100 45 | 78.4) 6.37) Lake Charles............ 99 60 | 83.0) 3.01 
1. 86 Manhattan... 99 43 | 77.2) 6,22 Lakeside .......... 64 | 1.39 
2.36 Medicine Lodge . 99 46 77.4) 6.36 Lawrence...... 71 | 83.6 | 5,82 
3.01 Minneapolis... .. 99 45 | 77.2) 1.97 | Libertyhill...............| 101 81.2) 1.29 
2. 32 Moran......... 95 4877.0) 3.74. nsport....... 8.31 
¥ ess City 50 | 76.1 4.11 102 58 | 81,0 1,80 
7 5. 65 96 44 | 76.6) 5,84 Morgan City ......... 4.84 
40 | 75.4 2.38 101 50 | 76.1) 1,80) lousas ... 97 56 | 82.0) 1.76 
=? 4.32 49 | 77.3) 9.18 Plain Dealin: 99 52 | 81.8 | 6,82 
7.46 Oberlin... . Rayne......... | 97! 58) 81.5! 2.65 
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TABLE II.—Climatological record of cooperative observers—Continued. 


Temperature. Precipita- Temperature. Precipita- Temperature. Precipita- 
(Fahrenheit. ) tion. (Fahrenheit. ) tion. (Fahrenheit. ) tion. 
a 
Mississippi—Cont’d | | Ins. Missowri—Cont’d. | Ins. | Ins. Nebraska—Cont’d. | Ins. | Ins, 
62 | 80.2 | 0.86 Versailles........ 75.8 | 5.06 
Magnolia. .... 100 62 | 82.0 | 4.71 Warrensburg. 77.7 | 4.31 Bridgeport 96 43 | 69.8 | 1.42 
Merrill ......-...- 3.70 Warrenton ... 77.4) 241 Broken Bow 94 38 | 71.0 | 4,06 
Nitta Yuma........ 97 65 | 82.4 1,79 4.84 Burwell.... 3,25 
81.7) 1.96 Willowsprings ........... 70.8 | 5.71 Callaway ..... 92/ 89) 71.8| 372 
Pearlington ............- 98 69 | 81.2 3.69 75.6 6.36 Central 2.14 
Pontotoc ..........- 57) 77.8) 0.82 Clearwater... 103 | 40 73.9| 3.54 
Port Gibson .........-.-.- 100 54 80.8 | 3.81 94 96] 3. 67 
Porterville..............- 99 62 | 80.6 3. 55 96 37 | 63.4 1.73 Columbus ........... 98 41 | 73.6 3.07 
Quitman ...... 3,73 93 31 | 60.2 | 2.18 | Crawford... 8. 34 
95 | 78.0) 5.08 90| 57.8) 3.80. 98 | 75.8 | 2.98 
100 58 | 8.1 |....... Bear Creek.............-- 89°, 30°) 56.4° 2,60. Culbertson ........... 100 45 75.1 2.60 
Billings .......... 105!| 48!) 75.0! 2.99 David City ............... 90| 43/725) 3.24 
| 1,70 38/623 2.20 108| 45/ 77.8) 2.75 
99 | 57 81.1) 3.70 Canyon Ferry.... ....... 9% | 41/| 65.6) 286 iss 4. 30 
99 57 | 80.8 4.31 38 | 63.4) 3.15 | Duff.... 5,25 
98 | 80.1) 2.21 98 | 42/| 66.9) 1.60) Dunning..... 8,60 
University ..............- 100 55 | 79.9 3.11 Chinook........ 101 38 | 68.2 1,83 2.47 
Walnutgrove............. 934) 594) 79.24 3.06 | Clear Creek 98| 87/648) 2.10 Ericson ......... 
Watervalley ............. 98 56 | 81.0 2.05 Columbia Falls........... 97 33 | 62.7 | 2.51 Ewing........... 
Waynesboro 96 65 | 79.8 3.85 2. 21 Fairbury ................| 100 44 77.6 | 3.78 
Woodville ............... 99 59 | 82.1 3.39 Crow Agency...........-- 100 37 | 67.9 | 2.67 Fairmont ..... 97 42 | 73.1 | 2.43 
Yasoo City........... ... 96 59 | 80.8 | 3.08 Culbertson ..............-| 100 38 | 66.2 1.99 Fort Robinson ....... 39 | 68.4 | 3.28 
40 | 63.4) 2.79 Franklin......... 100¢| 38* 74.9%, 1.92 
3,45 Decker .......... 101 66.8 1.46 Fremont ..... 97 47 | 73.8 | 4.66 
Appleton City............ 96 4877.6) 4.46 31 | 61.9 | 3.17 Fullerton...... 2,08 
94 46 | 75.8 3,29 106 40 | 68.4 3.08 98 42 | 75.0) 4.23 
48/ 77.6) 4.41 2. 68 Genoa (near)............ 95 | 45 | 73.9) 3.45 
94 43 | 74.6 3,61 106 43 | 68.4) 2.89 Gothenburg ......... 72.4) 4.05 
Birchtree ...... 75.0 6.37 104 37 | 69.3) 1.45 Grand Island............. 98 44 75.4) 3.48 
93 45 | 74.8 2.04 Fort Benton......... 42 | 68.2), 1.40 98°; 70.0°) 2.76 
4. 96 Fort Harrison............ 95 40 | 66.2 )....... 2. 25 
Brunswick ............... 97 50 | 77.0 5,33 35 | 66.2 | 1,26 0.95 
Caruthersville ........... 9% | 54) 78.0 6.30 | 458) 67.48) 2°87 2. 50 
Conception ............. 98 49 | 75.8 1.79 cfs 3.09 | Oe 43 71.9) 5.84 
Dean..... 94 47 75.5 5.20 Graham..... 107 36 | 67.6 | 3,57 Hartington .............. 99 42 | 72.8 | 10,75 
De Soto. ... oo 97 47 | 78.4 2.06 Grave Creek Cabin.......| 92 29 | 59.6) 1.15 93 39 | 72.2| 344 
93| 49 | 76.2) 7.91 85 | 53.0) 1.40 Hastings*!............. 52 | 75.6 | 2.09 
Eldorado Springs......... 93 46 | 75.6 4,72 Greatfalls ......... 96 44 65.4 2.66 Hayes Center ............ 102 45 | 73.4 | 3.31 
| 5,80 | Highwood...... 2.55 Hay Springs.............- 39 | 67.3 | 3.42 
95 49 75.5 3.98 2.00 Hebron ...... 100 41 | 76.2) 2.42 
96 46 76.4 «4.04 100 35 | 63.4 0.30 Holbrook. ...... 47 | 73.2 | 5.79 
Gano..... 93 45 75.1 6.95 102 22 | 66.4 1.96 Hooper... -- 94 48 73.7 4.51 
Gl 2. 84 98f| 32 | 64.0) 0.60 Imperial ....... 99 41 | 71.5 2. 67 
€ 90 43 78.5 4.76 97 34 | 66.0 2.56 Kearne 95 43 | 73.1) 5,02 
| Lodge Grass............ 98f| 33f 65.3f, 2,10 Kenn 97 41 | 70.0) 4.82 
96 49 75.6 6.38 40 | 68.6 1,12 Kimball 91 43 | 68.2) 2,06 
Harrisonville ............| %6 50 | 77.2 5.08 29 | 57.2 | 2.30 Kirkwood 100 4272.0) 6.46 
--| 3,22 28 | 60.7 | 2.73 Leavitt 102 4375.5 4.89 
Hermann ...... .. 1.82 35 | 66.2 1.76 Lexington . 97 40 72.4) 4.37 
92| 44/| 73.8 3.98 3. 59 Lodgepole. 40 6830) 255 
Ironton .... 97| 40| 75.4 | 4,07 2.91 up... 94| 71.8| 3.00 
Jackson ......... 99 51 | 80.2 3.94 60,4) 1,17 Lynch... 104 40 | 73.8) 2,92 
Jefferson City ... 96 46 | 76.4 3.01 61.0 | 1,65 eCook . 2.00 
101 4677.0 2,74 65.2 | 2.37 McCool .. 2.54 
Koshkonong ............. 93 | 51 75.8) 4,23 68.5 | 0.12 Madison 8. 39 
93 47 | 76.3 4,67 63.8 | 2.04 Marquette 1. 76 
| 3.57 | Raymond... 2. 76 Mason. 4. 30 
eed 90 4874.6 5.85 60.6 | 2.83 Merriman. 2. 50 
Lexington .............. 97 49 | 77.2) 2.71 63.1 1. 88 Minden 40 2.91 
93 52 | 76.5 3,26 2.10 Monroe 3. 04 
Lockwood ........ 90 49 | 74.8 | 10,85 | Springbrook.............. 99 41 | 68.0) 2.45 Nebraska City............ 96 42 | 75.2 | 3.79 
Louisiana . . 99 40 | 76.2 2,52 100 40 | 66.8 1.39 
97| 77.0) 4.20 104| 44/| 69.0) 4.07 99| 40 | 78.5 | 2.79 
Marblehill ............... 94 48 76.6 7.06 1.90 North Loup .............. 95 37 | 71.0 | 3.98 
caus 46 | 75.8 | 3.96 96 40") 67.68 2.30 98 40 73.0) 3.58 
cite 97 45 | 75.5 2.96 | Utiea....... 95 38 | 64.7 | 2.00 Oakland ........... 41 | 73.4) 3.95 
97 4475.8 2.76 | Virginia City ............ 904) 274) 64.24) 2.19 7.18 
95 49 75.0 9.62 } ax 94 33 | 61.0) 1.40 S00 6. 75 
Mountain Grove .........| 89 4573.0 4.94 Wolf Creek............... 96 88 63.0 1.95 2. 50 
Montgomery ............. 94 46 75.9 2.06 2.99 Palmyra, ........ 98 56 | 75.4) 2.65 
Neosho .................., 92] 45| 74.8] 5.45 | 90 | | 3.28 Pawnee City ............. 98| 42 | 75.8| 4.74 
95 50 | 77.4) 5.24 Nebraska 44 | 76.0 | 2.52 
New Madrid ............. 4.54 | Agate..... 36 65.0 2,58 Purdum...... -| 6 40 71.4) 5.91 
New Palestine........... 98 50 | 77.6 2.73 97 42 71.7 6.29 Ravenns 96 38 | 73.0 | 4.57 
93 43 | 75.2 3,43 99 41 | 70.7 | 3.75 -.| B85 
96 49 75.7 | 437 tense 97 42 | 74.8 6.86 3,40 
Princeton . . 101 48 79.8) 1,838 | Arapaho 8.75 45 74.3 4.60 
4.92 Ashland...... 98 44 75.4 3.09 Seward ............. 40 | 75.4) 4.35 
95 51 | 77.2! 5.68 Ashton......... 3.29 Smithfield . ........ 
5. 06 98 42/ 71.2) 408 Springview............... 96 42 70.6 | 6.38 
| 10. 54 99) 43 74.8) 4,05 Stanton 99] 42/742) 2.88 
89 70.9 | 5.66 98 40 | 76.3 | 2.47 | Stratton..... 38. 67 
94 51 | 77.2 3.58 103 46 | 75.4 2.51 | 4. 48 
Steffenville .............. 97 76.8 | 7.70 | 95 48 | 75.2 | 2.27 102 41 | 76.0 | 2,07 
97 45 76.2) 4.34 96 44| 74.2) 1.04) 1,49 
93 49 77.0, 4.14 | Bloomfield ...............| 102 74.0 | 5. 09 | 2.44 
97 76.8! 38,97 Bluehill...... 1,72 101 75.6' 4,34 
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perature. Temperature. Preci ad Tem tu 
| — | 
| | 
Stations. = Stations, Stations. 
{ $3 
| = s 
ay 
= 
Nebraska—Cont'd. | New Jersey—Cont'd. New York—Cont'd. 
| Pleasantville ............. i} ose 
Rivervale ..............-- wae 
} | South Orange ............ mi 
Toms River, .............. wan 
Vineland ................ | 
| 
| 
J | Jamestown ....... 
| Jeffersonville...... 
i || Keene Valley ..... 
| Lake George. ...... 
Littlefaiis, City Res....... 
f 
iddletown............, 
Mohonk Lake ........... 
95 | Mount Hope............. 
| 93 Newark Valley.......... 
re. New Lisbon..... 
86 | 46 | 68.6 | North Lake ...... 
— Ogdensburg ...... 
u Oxford ........... 
| 
e 
Platisburg 
Port Jervis. ...... 
Potsdam ......... 
Richland. 
91 43 Ridgeway ........ 
pe Romulus ......... 
96 | 70.4") Salisbury Mills... 
| Saranac .......... 
| Scarsdale..,..... 
| | 
| 
38 58.0 | 
| 
ad 
| 
| 
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TABLE II.—Climatological record of cooperative observers—Continued. 
Temperature. Precipita- Temperature. Precipita- Temperature. Precipita- 
(Fahrenheit. ) tion. (Fahrenheit. ) tion. (Fahrenheit. ) tion, 
= 3 3 
a a 
Stations. ae Stations. 2, Stations. 
a a 
North Carolina—Cout’'d. | ° Ins. | Ins. North Dakota—Cont’d. Ins. | Ins. Oklahoma—Cont'd. | Ins. | Ina. 
Carolee 95 57 | 78.6 | 12.64 95 34 | 66.2 0.34 was 96 52 76.0) 5,82 
Chalybeate Springs....... | 70 81.0) 6.15 Willow City..............| 99 | 36% 65.44)...... 98) 77.68 4,07 
Eagletown ............... % 69 79.8 | 10,98 ck 97 40 | 65.0 | 212 99 53 | 80.0 | 10.47 
Fayetteville. ............. | 9 70 78.0) 7.14 Ohio. Chattan 95 541 78.6) 7.58 
92 | 69 79.2) 6.07 91 | 50/740) 5.37 Cloud Chief .............- 92| 50 75.2) 4.68 
9.71 9% | 80 77.0) 412 49 | 77.0) 3.83 
Greensboro. .... ese | 67 79.6) 9.49 . 90 48 | 72.4 3.54 id .. 49 | 77.3 | 10.47 
9. 88 Bangorville ..............| 508) 73.9% 1.96 56 80.0 3.59 
Henderson ............... | 90) 67 | 77.8 | 16.00 Bellefontaine............- 91) 48/741) 227 45 | 75.8 | 2.80 
Horse Cove..............., 84 | 60 71.7 | 12.09 Benton Ridge ............ 92¢| 50°) 740°, 5.30 54 | 78.2) 5.75 
Hot Springs ............. | 92) 62 79.8) ...... Bladensburg ..........--- 9 | 45 72.6) 8.03 50 | 77.1 | 4.29 
Kinston 96 | 67 81.5 | 13,08 Bowling Green. ........-, 93 | 48 | 73.6) 5.61 49 | 77.0) 7.00 
Lenoir | 94) 60 77.3) 7.83 91) 48/735) 374 52 | 78.2) 6.67 
Lexington | 93 | 62 78.8) 13.47 Cadiz ..... 92| 50/746) 462 50 | 74.8 4.00 
Lincolnton 9%) 65 788). ..... Cambridge 91 | 46/729)| 5.42 51 | 77.8) 5.80 
ville. 80) 53 67.0) ...... Camp Dennison ..........) 95 | 52 76.9) 6,37 55 | 78.4 5.22 
69 79.2 | Cane] Dover 92 | | 77.2) 3.00 
Lumberton .............. | 97) 69 81.5) 4.74 Canton..... 89 | 49/729) 4.28 | 74.7 116 
nas 98 63 80.2 | 13.28 Cardin eee 92 44 73.9 | 2.96 51 | 78.1) 4,42 
Monroe 94) 64 78.1) 6.65 52/745) 837 50 | 77.3) 8.35 
Morganton ............... 93 | 64 76.6) 9.74 Clarington .. 94] 58] 76.6) 5.59 55 | 80.0 5.28 
Mountairy ..... 93 | 63 | 76.9 | 11.68 Clarksville .. .--| 52] 76.4) 5.03 56 | 77.8 | 9.60 
Mount Holly............. 6.10 Cleveland ... 91 | 58| 74.0) 4.38 55 | 77.6 | 5.86 
6.88 Coalton ....... 94| 49/ 75.6) 3.59 48 | 78.8) 4.06 
| 98 69 80.3) 5.70 Dayton. . 50 | 76.6) 5.56 49 | 77.4 7.61 
re 96 69 81.0 | 10.67 Defiance... 98 46 | 75.6 | 2.22 50 | 78.0 6, 41 
Patterson. .... | 86 62 | 73.2 | 7.94 Delaware 92 47 | 74.0 | 3.70 48 77.5 7.83 
Pinehurst. . 95 | 68 80.2 | 14,23 Demos .......... 9 | 50/743) 7.37 53 | 77.9 | 6.74 
Pink Beds. --| 84 50 67.2 | 13.63 Findlay...... .. 101 51 | 76.8 | 4.82 58 | 77.6 7.12 
Randleman. 12.53 52 | 75.2) 9.51 Water 93 62 | 77.1 | 7.71 
Reidsville . .. 65 786) 8.18 Garrettsville ............. M9) 44) 71.7) 7.17 Temple ..... 101) 51°) 80.0 | 3.48 
Rockingham coo] 66 80.1 | 6.03 91 48 | 74.9 | 5.22 Waukomis ...............| 51 | 78.0) 8.10 
Salem .... 66 78.6 | 12,92 chee 89 48 73.3) 6,58 Weatherford ............. 98 50 | 77.4) 2.52 
60 79.0 | 11.55 92 56 | 76.8 | 7.23 Whiteagle................ 95 48 | 77.6 5.83 
90) 60 | 75.9) 7.93 Greenhill ............ 90 | 43) 71.8) 5.68 
92 68 79.6 | 7.62 Greenville...............- 95 50 | 75.0 | 7.19 | 0.82 
98 69 81.2; 9.09) || Hedges..... 46 | 74.5) 5.74 Albany....... .... 43 | 69.0 0.00 
93 60 76.2 | 12,24 92 45 | 74.2 | 4.29 37 | 66.0, TT. 
95 66 79.5 | 10.11 sone 88 51 | 72.6) 7.46 Ashland..... 95 48 71.2) 0,00 
96 68 80.6 9.82 93 46 73.7) 476 78 50 | 62.3 0.28 
96 62 80.5 | 11.39 96 56 | 79.2 | 4.78 Aurora (near) ........... 91 43 | 66.2 0.00 
92 71 81.8) 4.60 Jacksonburg .........- 53 | 76.8) 4.94 Bay City .......... eoveses 74 40 | 57.8 0.29 
91 61 77.3 | 6.37 91 48 | 73.6) 5.61 oe 95 29 T. 
97 69 82.2)| 6.09 caster ..... 88 49 | 74.6) 2.82 108 29 | 65.8 1.00 
91 54 75.9 | 10.70 93 50 | 74.0) 6.04 Blackbutte ......... 89 40 | 64.2 0,05 
Washington........ -| 70 «(81.6 | 11.94 McConnelsville .......... 92 49 | 75.2) 4.68 106 54 | 79.2 | 
Waynesville ............. 85 58 71.8) 4.84 50 | 73.7 | 3.54 Bullrun .... 44 66.6 0.79 
| 97 69 81.3 | 13.42 55 77.0| 4.18 96 87 | 67.7 0.48 
North Dakota. | Marion ......... 46 75.0) 2,24 39 | 65.7 0.0 
101 38 66.4 2.57 94 46 | 73.6 4.09 93 47 | 70.0 | 0,09 
102 42 66.6 | 2.37 Milfordton ..... ovens 92 45 | 73.2) 7.01 Coquille 
96 40 64.8) 1.89 Milligan ............. 93 48 74.6 3.81 43 | 67.2 0.00 
101 36 66.3) 1.81 89 | 44] 71.9| 403 | 0.59 
98 38 66.8) 1,89 93 50 | 74.3) 5.97 coooe| 39 | 70.2; 0.71 
984, 344 65.24 1.05 88 51 | 73.3) 6.15 87 4564.0 0.01 
1038 41 64.4) 1.25 New Alexandria ......... 93 48 | 74.9) 6.30 6000 99 35 | 66.6 0.02 
Cooperstown ............. 99 | 37 67.8) 1.45 New Berlin .............. 9 | 45) 72.5) 4.30 102; 47 73.8 0.15 
105 40 68.1 1.72 New Bremen ............. 95 49 | 73.6 | 2.21 Ella..... 103 45 | 75.0 0.72 
Dickinson...... 102 4: 66.4) 2.64 New Richmond ........... 54 | 77.0) 3.86 00 90 45 | 66.3 _¢ 
Donnybrook ............. 101 39° «64.7 | 3.30 New Waterford .......... 91 45 | 72.2) 5.44 89 39 | 62.0 
Edgeley ......... 42 66.4) 1.56 North Lewisburg......... 95 46 75.2) 5.00 Falls City ............... 91 41/646 T. 
102 33 (64.6) 0.75 North Royalton.......... 92 48 | 73.7) 4.97 Forestgrove ........... “<a 95 41 | 66.2 0.00 
107 41 69.2/ 2.15 94 49 | 74.4) 8.12 Gardiner ...... od 78 45 | 60.0 0.18 
40 67.6 | 2.22 48 | 73.3) 5.16 100 34 | 66.3 0.00 
Forman ..... 98 42 67.9 | 2.45 Ohio State University ....| 90 50) 74.3) 7.15 Glenora ..... 94 36 | 0.28 
Fort Berthold............ 101 45 68.8 2.70 Orangeville ..............| 92 4472.0) 3.25 Gold Beach. ......... 79 37 | 57.2 0.09 |. 
99 46 68.6) 292 95 50 | 75.9) 411 Government Camp........ 83 36 | 57.4 0.40 
Fullerton 41 65.4 | 2.20 Pataskala ................ 91 | 49/ 78.9] 9.32 94| 28 60.6) 0.71 
Glenullin ....... 97 42 65.8 | 291 94 49 | 75.9 | 2.12 Grants Pass ..... tense 103 86 | 70.2 0,00 
99 35 «665.6 | 2.18 Plattsburg 93 49 74.2) 4,09 Grass Valley ............. 38 | 67.8 0.34 
100 31 63.4) 1.52 Pomeroy 95 53 76.6) 4.15 Heisler.............. ite 98 29 | 66.6  T. 
Hillsboro................. 9 | 41 67.6) 202 Portsmouth .............. 92| 54/|76.8| 3,35 Heppner.............. 99] 43 | 69.2 0. 43 
Jamestown .............. 97 40 66.7) 1.69 88 53) 74.4) 2.34 i 95 70.4 0.01 
96 41 68.6) 2.38 45 | 72.6) 4.98 Huntington .............. 104 46 | 77.7 0.38 
984; 65. 24)....... Rockyridge ..............) 52 | 74.8 | 4.08 Jacksonville.............. 100 44 | 72.4 0.00 
La Follettee.............. 106 40 | 69.6 |....... Shenandoah .............. 91 48 78.0) 4.06 36 | 63.0 1.03 
oF 37 63.6 | 1.66 95 50 | 76.2 | 3.31 Kerby....... ons 36 | 67.6 0.00 
rimore ...... 103 | 40 65.0) 2.46 Somerset . . . 93| 653/764) 471 Klamath Falls............ 98 | 34/686 0.00 
‘ 38 65.2 | 2.90 South Lorain. 92 47 | 73.4 | 4.63 rande . 101 40 | 69.8 0.51 
108 37 64.7 | 2.43 Springfield ... 4. 07 Lakeview .. 99 35 | 68.4 0.00 
42 65.8) 1.33 Summerfield . 92 45 | 74.0!) 5.08 Lonerock .. 96 88 | 65.2 0.41 
Medora. .......... 1074, 414, 68.24) 2.33 95 55 | 77.2 | 3.61 Lost River ...... 93 37 | 66.2 0.00 
43" 67.94) 0.73 91 52 | 74.6 | 2.81 McKenzie Bridge ... 100*| 66.4* 0,20 
Minot...... 101 43 66.0) 1.59 93 56 | 74.7 | 2.84 McMinnville 95e| Sct) T. 
Minto..... 98 65.9 | 2.07 92 49 2.18 Marshfield . 73 46 59.5 O11 
Moyersville ........ 99 40 65.1 0.52 92 47 | 74.4) 5.48 Mill City... oo] OS 3463.5 # T. 
Napoleon....... 102} 65.8| 1.51 93 | 52/740) 5.96 92) 40/ 66.4! 0.00 
New England. 103 41 74.5) 3.00 93 45 | 73.8) 6,01 Mountain Park... ....... 92 42 | 67.3 0.02 
101 42 66.6 | 2,17 ene 47 | 73.7) 4.64 Mount Angel............. 97 5O | 70.6 
96 43 65.7 | 2.40 95 51 | 77.6 4.19 0.79 
Park River...... 99 87 | 66.4 0.80 Wellington...............| 98 49 74.4) 3.50 T. 
82 64.4) 2.51 Willoughby ......... Braque 2. 63 100 47 | 71.3 0,11 
99 64.5) 1.76 93 52 | 76.0 | 6.30 | 89 40 | 66.5 0.94 
98 39 | 66.4 1.52 91 48 | 74.2/ 7.38 102 4371.0) 0.44 
102 39 | 64.8) 1.25 Zanesville ............. 3.47 71 46 | 58.2) 0.08 
102 40 68.3) 1.54 95 64.1 O10 
96 35 | 65.8 1,09 96 77.4! 3.00' Prospect.............. 30 | 67.8 ' 0.00 
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TABLE II.—Climatological record of cooperative observere—Continued. 
Temperature. Precipita- Temperature. Precipita- Temperature. Precipita- 
(Fahrenheit. ) tion. i} (Fahrenheit. ) tion. (Fahrenheit. ) tion. 
a 
|3 (3 |3 
Texas—Cont’d, Ins. Ins. Ins. | Ins. Vi —Cont’d, Ins. | Ins. 
Claude ...... 92 56 74.0) 2.60 94 45 | 69.6) 3.20 Randol 7.48 
95) 50 | 744) 6.29 105 46 | 73.2) 1.20 Riverton . 8. 78 
9 | 59 | 76.6 10.72 i 9 | 44| 69.2) 1.50 Roanoke ..... 7. 88 
99 | 61/825) 472 1] 99 41/744) 0.48 Rockymount 7.78 
Colorado 95 59 | 782) 7.82 Government Creek ....... 43/712) 1.34 Shenandoah . .| 5.74 
3.56 46| 70.0) 1.2 Skyland....... 11. 39 
Corsicana 99 | 55/822) 3.82 | Heber.......... 92 64.8) 3.11 Speers Ferry...... 7.81 
Crockett ..........++-++++ 100 55 | 82.4) 1.28 | Henefer.............+++- 93 35 | 64.3 | 2.07 Spottsville ............... 14. 81 
. 98 62 | 83.8 2.43 104 59 | 1.28 Staunton........... 7.47 
Dallas....... 97) 55 | 80.0) 4.25 8.56 Stephens City ........... | 94 | 60 75.0| 9.85 
97; 64/825) 4.54 ans 92 36 | 66.4) 280 Warsaw .......... 94f| 6.27 
Denison. 0000 0. 30 Williamsburg ............| 98 67 | 78.6 | 16,55 
94 58 80.3 3.11 | Kamab......... 90°; 40°) 64.9¢ 2.00 Woodstock ....... 60 | 75.8 | 5.53 
cc 95 62 | 81.0) 2.27 | § 85 42 | 65.6 1.38 We 
Eagle Pass 100 67 | 84.8 3.08 90 43 | 67.8 | 1.31 Aberdeen ..........-. 90 61.1) 0.58 
Fort Brown. ...........-- 94 72 | 83.8 7.92 90 32 62.8 0.56 Ashford .......... 0. 51 
Fort Clark............ 63 | 79.6 4.00 | LOgaM.... 95 55 | 72.2) 4.55 86 41 | 64.9 | 0.34 
Fort Davis 88, 52/707) 5.69 | 42 | 67.7*| 1.69 Bellingham 79 41 | 61.1) 0.53 
Fort Stockton ............ 96 59 | 75.8) 5.85 | Marysvale................ 89 37 | 64.6 | 0.91 BEIMBOR. 86 46 | 64.0) 0.35 
Gainesville..............., 94°) 782°) 4.96 | Meadowville............. 89 38 | 64.2 | 2.80 Cedar | 0.10 
95 64 80.6 2.76 3. 64 . 99 37 | 67.5 | 0,13 
Georgetown .............., 57 | 81.4) 3.56 98 46 | 75.4 0.58 Centralia........ 92 36 | 63.8 | 0.02 
3.76 9 | 37| 65.5) 457 100| 37 | 67.1 | 0.08 
2.90 | Mount Nebo ............. 95 49 | 74.2) 0.86 Clearbrook ....... 86 34 61.38) 0.58 
Grapevine 98 54/ 81.4) 3.41 | Mount Pleasant.......... 94 43 | 69.0 1,87 Clearwater 86 44 | 63.6 | 0.40 
Greenville. ..............- 99 56 81.4) 3.53 | 1. 57 Cle Elum.......... 95 35 | 64.0 | 0.03 
Hale Center........... .-| % 51 | 73.6 | 2.12 we 99 44/ 71.8 1.56 96 35 | 65.2) 1.10 
Hallettsville ............. 99 84.6 0.85 | 93 50 | 71.2) 4.11 99 33 | 65.0 | 0.76 
94| 40/| 67.2) 3.10 Conconully .........-.-..| 98| 88|65.8| 0.65 
Henrietta ..............-- 98 | 52) 79.3) 5.72 | Payeom --| 210 Coupeville .......... 45 | 62.1) 0.18 
Hewitt............. 1.00 92 37 | 64.0 | 2.82 Crescent......... Se 101 38 | 67.1 | 0.36 
Hillsboro ................ 99 | 53| 81.4! 2,00 89 31 | 62.3) 1.24 33 | 63.4) 0.84 
9 65/829) 402 103 44/744 1.80 Danville 98 42 | 67.2) 0.25 
101. 66 | 84.3) 1.75 86 35 | 61.2 3.85 43 | 69.2 | 0.67 
doses 96 81.0) 1.69 2.19 East Sound........... 83 85 | 60.2 | 0.18 
Huntsville...... 98; 1.79 92 36 | 66.4 1.04 Ellensburg ..........-....| 95 40 | 67.5 | 0.33 
92, 54) 79.3) 2.65 104 50 | 79.0 4.11 Ephrata..... 101 49 | 75.2 | 0.00 
Jewett. 97, 53 | 80.4) 1.25 104 50) 79.8) 1.04 Fort Simcoe.........-....| 101 49 | 72.6 7; 
444 91 51 | 71.6 | 3.12 Goldendale............... 95 88 | 66.0 | 0.02 
Kaufman......... 98 56 | 83.0) 4.21 1. 06 0. 35 
Kent.. 92; 57| 71.0) 5.16 93 37 | 66.5 1.64 cc 105 39 | 70.6 | 0.32 
Kerrville 98 53 | 82.4) 3.47 97 35 | 65.3 | 0.73 85 49 | 60.4 0.44 
Knickerbocker 96 55 | 78.4 11.31 Soldier Summit ......... 100 33 | 63.5 | 1.20 Kennewick............... 102 48 | 76.0 3 
Lampasas . 99 54/814) 236 92 45 | 68.4) 1.28 27 | 65.0 | 0,21 
Lapara .. 3.13 105 42 | 73.4 | 2.77 40 | 65.8 | 0.01 
Liberty 100, 2.10 Tooele 93 49 71.4) 2.85 52 | 74.1 0.10 
co 2. 25 Tropic.. ... 89 40 | 63.2 | 3.64 33 | 622) 0.50 
Longview 98 57 | 81.4) 5.17 Trout Creek . . 96 39 | 68.8 1.00 45 | 70.2 | 0.42 
Luling 98 61 | 83.3) 1.40 Utah Lake... 93 41 | 66.8 | 2.14 49 | 71.4) 0.28 
Marlin 100 55 | 826) 1.02 91 49 |} 69.6 | 1.02 | || 0. 23 
98 | 57/81.4) 1.74 9 | 69.0) 0.67 52 | 77.2 | 0.09 
Shon ses 93 50 | 75.6) 4.59 44 | 67.0 | 0,25 
Mount Blanco...... ..... 93 59 | 75.4) 4.21 93 37 | 66.8 3.44 69.6) 
Mount Pleasant .......... 98 52 80.4 2,10 Cavendish ....... saenvénnd 97 39 | 69.8 | 2.95 30 | 63.0 | 0.60 
Nacogdoches ............. 92 56 79.1) 1.68 Chelsea......... 88 44 | 65.8) 4.68 67.8)| 0.50 
93 54 73.0) 3.33 Enosburg Falls...........| 92 38 | 68.6 | 1.49 Olga 48 | 60.1 | 1.18 
New Braunfels........... 95 63 | 81.6) 3.66 Jacksonville..............| 89 40 | 67.7 | 1.76 Olympia 90 40 | 64.6 0.02 
Bi 98 56 81.5) 418 Manchester .............. 85 39 | 67.2 | 1.95 OF 43 70.3 | 0.06 
Port Lavaca.............. 70 | 83.2) 3.70 91 2.93 99 40 | 68.4) 1.46 
96 55 | 79.2! 3.48 St. Johnsbury............ 96 39 | 69.3) 4,71 Port Townsend 48 | 61.4 | 0.05 
99 40 77.7 | 4.65 86 68.4 267 90 42 | 68.9) 1,53 
2. 46 Republic ........... 97 35 | 63.6 | 0.11 
99 66 83.0) 1.66 90 33 | 66.0 | 2.98 0. 31 
1.10 Rosalia.......... 98 35 | 65.8 | 0.38 
68 | 79.4) 375 63 | 78.1 | 9.02 Sedro ....... 38 | 61.6 | 0.35 
100 56 82.6) 4.26 93 63 | 77.2 | 12.18 103 52 | 68.6) 0.15 
San Marcos 97 63 81.4) 4.48 Barboursville ............ 90°; 64°) 75. 10,82 Snoqualmie .............. 88 39 | 63.8 | 
100 52) 82.4) 1.29 Bigstone Gap............. 87 60 | 74.7) 8.58 Stehekin ........... 89 46 | 68.1 | 0.19 
3.92 Blacksburg............... 87 56 | 73.3) 8.68 Sunnyside. ............... 96 44 | 69.8 
98 52 | 78.4) 4.47 90 64 | 76.6 | 4.86 104 44 74.0) 0,33 
574) 77.04) 4.26 | Buchanan................ 5.66 TWiSp 99 42 | 69.0 | 0.48 
Sulphur Springs....... 55 | 80.4) 3.65 93 57 | 77.1 | 16.75 Union..... 89 40 | 65.2) 0.10 
Temple ...... soe 58 | 80.8) 273 | Charlottesville ........... 93 59 | 75.1) 14,41 Vancouver ........... ... 95 | 44 | 69.8) 0.05 
104 62 | 84.6) 2.12 98 64 | 77.0| 9.88 101 50) 74.94) 
Valley 4.01 Dale Enterprise .......... 92 | 74.0) 6.64 Waterville .......... 42 | 67.4 0.11 
98 | 81.6] 4,52 7.22 Wenatchee (near)........| 94 50 | 71.0) 0.67 
60/882) 4.34 Dinwiddie. 94 65 | 78.0 | 11.60 82) 64.0) 0,25 
Waxahachie.............. 99, 538 5.29 944 = 634| 78.84) 6.49 ooo 39 | 65.9 
Weatherford ............. 98 81.0| 2.56 87 | 62 | 74.2) 5.82 54 | 78.0) 1.85 
Willspoint........ senebees 98 55 | 80.6 |) 3.55 Fredericksburg ......... 93 63 | 76.8 | 12.96 Bancroft .............-. 93 61 | 78.0 | 6.02 
Utah. Grahams Forge ... ...... 85 60 | 73.0) 6.39 86 50 | 70.0 | 6.56 
3.77 Hampton................. 91 70 | 79.6 | 11.02 Beckley ....... sense 86 60 | 75.2 | 3.92 
0.54. Hot Springs............. 83 50 | 76.2) 6.34 Bens Run........ 93 57 | 77.7 | 8.62 
2.04 | 87 | 58 | 73.8 | 6.35 
1.12 63 | 76.4 | 10.58 Burlington .... 72.5%, 6.68 
3.15 60 | 76.4 | 11.85 94 56 | 77.4) 5.82 
0.89 59 | 73.4 6.95 93 54 | 75.2 | 4.72 
5. 03 Charleston ............... 92 64 | 78.5 3.09 
70. 3. 85 55 | 74.3 | 12.48 94 57 | 76.4 2.98 
61. 1. 48 69 79.8 | 12.54 Cuba 92 52 | 75.4 | 2.18 
70. 0. 63 61 | 74.6 11.12 89 60 | 74.2) 5,42 
y 69. 1, 28 60 | 80.7 | 8.98 92 55 75.6 | 4.26 
| 62 | 77.6 | 11.41 90 55 | 72.7 | 7.45 
89 43 ' 68,2 6. 40 92 61 77.4'° 8,80 
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TABLE II.—Climatological record of cooperative observera—Continued. 
Temperature. Precipita- | Temperature. Precipita- Temperature. Precipita- 
(Fahrenheit. ) tion. (Fahrenheit. ) tion. | (Fahrenheit. ) a. 
| 
| 
33 : 3 | 
West Virginia—Cont’'d. | ° | Ins. | Ins. Wisconsin—Cont'd. | © | © | Ins. Porto Rico—Cont’d. | © | Ins 
Grafton ... 92 56 75.4 3.07 93 39 | 68.8 5.25 92 «860 «676.8 10.20 
arpers Ferry | Sturgeon Bay ............ 5. 81 
Hinton.......... 76.6" 4.62 Valley Junction.......... 93 3.68 San German.............. 9 67 80.4 5.22 
93 57. «77.9 «+420 9 4 71.3 332 San Lorenzo.............. 108 65 80.5 4.88 
Leonard, .... 81 60 71.8 6.05 89 470.6 3.95 San Salvador............. 62 75.0 6.64 
Lewisburg 89 57, 742 «3.79 240 Santa Isabel... . 97 70 82.2 0.32 
92 63 77.2 282 95 4572.5 3.70 92 70 823 3.41 
Lost Creek 57 76.0 6.45 Whitehall... .. 95 40 71.6 3.59 New Brunswick. 
93 = 644, 79.24 81 48 63.0 1.00 
artinsburg ............. Alcova. 71.2) 1.70 90 72 80.4 
organtown er | 60.4 3.22 
Moundsville............... 92 58 761 97) 85/651 247 Late reports for July, 1906. 
New Cumberland ........ 93 47 740 4,68 | bria...... ee ee 1. 60 
New Martinsville ........ 854 «(77.2 || Chugwater............... 91; 65.0 1.61 
Nuttallburg ............. 5 46 2.42 % 40° 682 1.60 Alaska. | 
92 «6177.0 391 | Clear Creek Cabin 86) 2655.4 Central............ 32 ...... 4. 82 
8 58 722 7.50) 9 | 38/683 204 Fairbanks................ 0.4) 283 
90 50 739 420 | Daniel ... 85 2154.2 1.89 | Fort Liscum ............. 66 39 «(450.4 87.12 
8 52 704 10.72 | Elk Mountain. ..... Holy Cross Mission ...... 3) 4) 197 
9 57 77.8 314) 8? 77 | 44 57.6 3.58 
% 61 812) | Experiment Farm.... O47] 7; 4/530 4.41 
7.75 | | 82/606 1.50) Rampart 591) 1.86 
78.4 7.68 | Fort Washakie........... 9% | 36/663 1.60. Sunrise. oO; 1.84 
5.00 || 102] 47| 71.6| 198 | --.| 42 56.6) 2.96 
76.0 279 Granite Canyon.......... 83) 35/602 1.34) California 
76.8 3.97 Green River.............. 95 | 36/648 0.48 Le Grande .......... 117 | 52 0.00 
75.6 5.30 % | 39/658 213 Pilot Creek .. 0.00 
79.7 4.96 ovens Indiana. 
71.0 6.06 100 | $6 | 68.2 )....... Franklin. .... 8.47 
74.5 «(5.09 89| 30 58.4 2.13 | | 
Laramie 35 | 61. 59 
4. 36 Little Medicine... 88) 82/586 1.50. South Dehete. | 
74 (6.48 Lolabama Ranch. 85 | 80 55.4) 297) 
70.8 5.83 | Moore..... 91 36 | 63.7 2.72 64 76.6 5.55 
69.4 2.63 Pathfinder 99 39 69.6 2.389 Caguas 93 63 «78.0 
67.0 5.30 Follies 94 39 | 63.9 2.73 Coamo oeecccceccesccccces 93 68 80.0 1.24 
| 72.4 5. 54 Pine uff. 95 41 | 66.2 1.72 nes 10. 31 
73.08 8.55 Pinedale . 87 | 30/ 57.0 1.74 
70.6 328 Sara 90 36, 63.0) 
67.8 3.14 | Shoshone Canyo: 96| 38) 67.6 2.14 EXPLANATION OF SIGNS. 
oon | 71.4 2.82 South Pass City . 90 22 | 57.2) 1.14 
0000 als 4. 06 27 53.5 3,32 * Extremes of temperature from observed readings of dry | 
Downing 90 40 68.0 5.68 BB 43 73.6 1.25 thermometer. 
Eau Claire .......... and 4 =#72.8 3.61 | Yellowstone Pk.(F’tain). 27| 4.8 1.50 A numeral following the name of a station indicates the 
Florence .... 91 3865.5 4.64 Yellowstone Pk.(G’dCn.) 83 28/538 3.01 hours of observation which the mean temperature was 
Fond du Lac............. #710 378 | Yellowstone Pk.( Lake) . . 80 238 52.6 1.2 obtained, thus: | 
Grand 91 “4 70.6 248 | Yellowstone Pk.(Norris). 86 2% 540 2.12 1Mean of 7a. m. + 2p. m.+9p. m.+9p. m, + 4, 
Grand River Locks....... | Yellowstone Pk(Riv’side) 87 25 | 55.2) 1,63 *Mean of 8 a. m. + 8 p. m. + 2. 
Grantsburg......... 96 39 «(68.2 408 | Yellowstone Pk(Snake R) 90 2 54.6 3.16 3Mean of 7 a. m. + 7 p. m. + 2. | 
Hancock 43 71.0 «2.36 Yellowstone Pk. (Soda B.) 88 55.8 2.18 4Mean of 6a. m. + 6 p. m. + 2. 
Harvey..... 92 47 720 5.99 | Yellowstone Pk.(Thumb) 77* 23* 50.1*...... 5Mean of 7a m. + 2p. m. + 2. 
Hayward .............5.. 9% 3 65.8 4.73 | Yellowstone Pk.(Up.B.). 85 | 26/546 1.70 6 Mean of readings at various hours reduced to true daily 
Hillsboro,..... .......... 41 70.2 1.82 Porto Rico. mean by special tables. 
Koepenick ............... 95 35 «668.1 865.00 ere 99 59 | 78.2 6.26 The absence of a numeral indicates that the mean tem- 
Manitowoc ............... 95 49 70.2 1.69 | Sqesese deSascececescvese 95 73 | 84.1 1,21 perature has been obtained from daily readings of the maxi- 
Mauston... 9 8648 «(71.0 264 | Albonita ................ 88 | 60") 75.4", 2.02 mum and minimum thermometers, 
Meadow Valley .......... 95 41 70.5 262 BD Boe cows cece cacccees oF 67 | 79.8 11.60 An italic letter following the name of a station, as “‘ Liv- 
41 69.6 3.55 | Arecibo 77.6¢....... ingston a,” “ Livingston indicates that two or more ob- 
on che 1, 37 90 63 76.6 4.75 servers, as the case may be, are reporting from the same 
| es 95 4 682.3 8.58 | Bayamon.. 92 68 | 78.7 9.75 station. A small roman letter following the name of a 
Minooqua 95 60 | 79.2 2.92 station, or in figure columns, indicates the number of days 
Mount Horeb ............ 91 4 =#71.7 469 || Camovanas ............... 90 73 | 81.4 6.56 missing from the record; for instance, ‘‘®”’ denotes 14 days 
Neillsville ............... 98 4 72.3 3.05 90 60 76.0 1,39 missing. 
New London ...... 93 4370.9 4.01 98 67 83.1 «1.04 No note is made of breaks in the continuity of tempera- 
New Richmond .......... 95 42 71.0 3.20 a ee 92 5377.8 1.60 ture records when the same do not exceed two days. All 
Oconto 95 4 70.1 3.22 92 72 | 82.6 1.81 known breaks of whatever duration, in the precipitation 
cease 96 38 69.4 2.56 9  67/ 81.0 0.65 record receive appropriate notice. 
92 48.723 «4400 Hacienda Colosa ......... 67 | 79.3 10.08 
90 47 71.4 3.27 90 63 | 76.0 8,19 
Port Washington......... 91 70.4 252 Juana Diaz ‘ 98 70 | 83.6 1.84 June, 1906, Michigan, Hillsdale, make mean temperature 
Prairie du 97 41748 | 91 60 | 77.8 13.82 66.7 instead of 67.0. 
Prentice. 5 | 32. 68.2 «468 Las Cruces .. 91 61 | 73.2 10.24 Utah, Loa, January to April, 1906, inclusive, cut out all 
9% 61 73.6 385 | Las Marias............... 91 64 | 76.8 20.35 precipitation values. 
96 71.8 243 95 68 81.0 6.24 Oregon, Prospect, March to June, 1906, inclusive, cut out 
Shullsburg ............... 90 4 72.4 6.9 Maumabo 93 72 | 84.1 6.90 all maximum and mean temperatures. 
Solon Springs ............ % 64.8 268 93 65 | 79.1 $11.93 
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TABLE III.— Wind reaultants, from observations at 8 a. m. and 8 p. m., daily, during the month of August, 1906. 
Component direction from— Resultant. | Component direction from— _ Resultant. 

- Direction | Du | Direction | Dura- 

on ra- | on ra- 

| 6 | E. | wv. |e | | tion. 
Bngland. Hours. Hours.| Hours. Hours. | Hours Hours. Hours. Hours. | Hours. ° Hours. 
MO. 15 31 30. 8. 59 31 Moorhead, 25 21) 22 n. 72e. 18 

cc 14 27 6 27 59 w. 25 | Bismarck, N. Dak .......... 21 16 26 n. We. 15 
Concord, N. 13 11 5 12. n, 74 7 Devils Lake, N. Dak 20 24 20| 58 e. 5 
Northfield, Vt 4/ 8. w. ‘alley. 

13 23 23 | s, 22 w. | 11 Minneapolis, Minn.*................. 11 11 7| 8. Be. 4 
Nantucket, 27 19 240 «8. 17 12 | 27 18 19| 4w. 15 
Block Island, 14 25 18 23s. 24 Ww. 12 Charles City, 15) 19 16| 8. 17¢@. 10 
Hartford, Conn 22 30 7} s. 32 Ww.) 9 | La Crosse, 7 16 6 5| s 9 
New Haven, Conn ............... 20 23 15 18 45 w. 4 Davenport, Iowa ......... 12 16 17 28 s. 70 w. 12 

Middle Atlantic States. | Des Moines, Iowa ................... 27 12 21 37 w. 15 
Albany, N. Y 15 34 11 19 Dubuque, Iowa 10 28 21 18 
Binghamton, N. Y.f 10 7 13 9 n. Be. | 7 32 14 24) 22 27 
Harrisburg, 14 16 19 20' s. 27 w. 2. La Salle, Ill. ¢ > 9 10 13| 72 w. 
Philadelphia, 18 23 19 17 Be. | 5 Peoria, ti... oes 30 14 15| s. 18 w. 13 
19 22 s. 72e. | 3 | Springfield, Tll................... 11 16 6w, 19 
Atlantic City, N. J 13 29 15 21; s. 21 w. | 17 4 16 8. 56 w. 14 
Cape May, N. J 12 BY J 18 9 | s. 2e, 22 t. 26 15 19| s 17 w. 14 

coves 13 17 19 22) s. 37 w. | 5 Valley. 
Washington, D. 19 25 19 14 os. Me. 8 | Columbia, Mo. 5 19 5 7) 8w. 14 
Lynchburg, 23 20 16 on. 67 8 Kansas City, 12 33 18 17| 21 
‘ount Weather, Va. ............... 19 21 21s. 5 Springfield, il 27 16 8. 17 
1 39 16 14 Be, 98 || 4 23 4 6) s 6w. 19 
Richmond, 15 31 19 s. Me, 19 | Topeka, 2 s. ll w. 16 
Wytheville, Va 17 il 20 2 45 w. 16 30 19 ll s. 30e. 16 
16 30 13 12 4e, 14 Valentine, Nebr ..................... 19 20 16 16| s, 1 
Chashotte, 12 29 19 17; 7e. 17 Sioux City, Iowa .................. 11 13 9 8s. Be. 4 
3 35 9 32. os. 36 w. 89 || Plorre, 18 21 31 10| s. 82e. 21 
11 30 20 19; 10 || DOR... 25 18 22 Be. 13 
Wilmington 32 14 240 on, 22 w. 27 Yankton, 8. Dak. ¢.................. 7 9 9 « 2 
Columbia, 8. C........ 13 30 15 16) s. 87 |] 15 12 27 n. 4 
11 30 23 14/ Be. 21 | Miles City, Mont..................... 22 14 26 n. | 15 
10 35 5 | 22, s. 34w. 380 Helena, 16 21 9 29) 76 w. | 21 
Jacksonville, Fla 4 34 24 8. 32 Kalispell, Mont..... 17 10 15 31 | n. 66 18 
Florida Peninsula. Rapid City, 8. Dak................... 28 16 19 22/| n. 28 w. 8 
Jupiter, Fla ..... eee 2 38 21 | 20; 2e. 36 Cheyenne, Wyo 24 19 8 27) n. 75 20 
Key 8 20 39 | 5| s 98 || Lamden, 21 23 13 20; 74 7 
18 17 29 13 | n. 87e. | 16 Yellowstone Park, Wyo ............. 18 31 2 25 | s. 61 w. 26 
Eastern Gulf States. North Platte, Nebr .................. ll 25 12| 8s, 34e. | 23 
15 17 23 | a| we. | 3 || Slope. | 
7 16 i; 5| Se. 11 || Demver, 20 12| 27e. 7 
Thomasville, 7 27 29 | 11 s. 42 e, | OF 28 16 16 Ow. 12 
Pensacola, Fla.+ .. 16 2 10) 8) 8e. | 14 Concordia, Kans ..................... 11 30 13 s. 15 e. 20 
15 29 s. 4le, | 18 Kans 13 34 29 8s. 83 
Birmingham, 16 16; 28 19) | || Wiehe, Mame 7; 4) 16 4) 8 39 
28 16 16 nm 5e 12 Oklahoma, Okla ..................... 47 ll 2) s. 1 e. 39 
Montgomery, Ala .................... 18 18 18 w. 2) Slope. 
20 19 18 19 «on. 45 7 30 3) 8. 44e. 39 
New Orleans, 15 19 16 2% «4s. 68w. 11. Del Rio, Tex cf. 6; 2 1| 8. %e. 28 
Western Gul) States. Roswell, N. Mex. .. 11 31 23 13 8s. 27 22 
Shreveport, LA... 12 26 13 24s. 38 Ww. 18 Southern Plateau. 
Bentonville, Ark. 5 21 9 3; s 21 e. 17 El Paso, Tex | 13 9 | 833 18| n, Fe. 16 
Fort Smith, Ark ...................... 12 42 8 34 Santa Fe, N. Mex 17 19 36 9| 86e. 27 
Little Rock, Ark.. ................ 22 20 15, 2) n. 7 | Flagstaff, Ariz 24 9 28 | n. 54 24 
Corpus Christi, Tex................... | 6 38 36 1 8s. 48e. 47 Phoenix. Ariz 11 13 85 15| 8. Ste. 20 
5 39 18 17 2e. Yuma, Ariz 11 26 21 17| 15e. | 16 
Galveston, Tex ..................----. 5 37 24 8 8. We. 36 | Independence, Cal................... 18 22 21 20| s. Ide. | 4 
Pabestine, Tex 8 37 18 s. i4e.| 90) Middle Piateau. 
San Antonio, Tex. ................... 10 29 38 s. Be, | 5 20 6 43) s. 68 w. 40 
3 20 8| 2) s. 9 .e. 22 27 21; s. 2e 15 

Ohio Vi and Tennessee, | 21 15 14 28 n. 67 w. 15 
Chattan: 15 25 8 | 29s. 65 w. 23. Modena, Utah. ............. 6 10 39 s. 68 31 
20 25 15 18 «6s. 31 w. 6 Salt Lake City, Utah......... 22 19 2 14) | 
Memphis, Tenn....................... 24 19 18) n. 6 | Durango, 31 0 it 27| n. 37 26 
ree 13 21 15 | 28s. 58 w. 15 Grand Junction, Colo................ 14 13 24 22) n. 6e. | 2 
16 31 4) 4e 15 Baker City, Oreg........ 22 29 2 18s. 66 w. 18 
Evansville, Ind.¢ ............. ....... 14 s. We. © 18 20 19 23. os. 63 4 
indianapoli 19 24 21 | 17. 8s. 6 Lewiston, Idahof.................... 0 6 27 1/ 7e. | 27 
Cincinnati, Ohio..................... 21 18 27 | 122. Ye, 15 Pocatello, Idaho. .... 7 2 28 18| s. &e. | 19 
Columbus, Ohio 16 25 19 14 8. We, 10 16 24 19 7 Ww.) x 
2 17 2 19 pn. 6 | Walla Walla, Wash .................. 5 4 12 12 30 
17 21 17 19| 27 w. th Coast Region. 

Region. | Port Crescent, Wash.*..... 10 7 1 21 | n. 81 w. 20 

Buffalo, N. 9 23 23 18 8. 2e. 15 | Seattle, 30 13 14 21 | n, 22 w. 18 
14 7 | s. w. 10 Tacoma, Wash................... 82 9 4 24) n, 41 w. 30 
10 35 15 2w. Tatoosh Island, Wash................ 1 40 5 30 | s. 38 w. 46 
Rochester, N. Y .. 15 25 15 21. sos. 31 w. 12 Portland, see 29 ll 8 81 | n. 52 w. 29 
7 36 10 15 8. 10 w. 29 Roseburg, 40 i 11 18) n. 10 w. 40 

14 26 19 20, s Sw. 12 Mi Pacific Coast Region. 

Cleveland, Ohio ...................... 15 25 12, 8. 45e. 28 15 3 27| n. 62 w. 27 
Sandusky, Ohiot ..................... 4 14 5 14 8. 42 w. 14 Mount Tamal 19 1 48 n. 77 Ww. 48 

0, 12 16 18 26 «8. 63 w. 9 10 31 26 15| Be. 24 

Detroit, Mich .................. 16 18 18 22 «os. 63 w. 4 Sacramento, Cal...................6.- 3 49 14 5| s lle, 47 
Upper Region. San Francisco, Cal................... 0 10 0 56) s. 70 w. 57 

Al 17 19 20 21 | s. 27 w. 3 || Sam Jone, Cal. 13 1 0 24, on. 63 w. 27 

Mich......... 24 21 16 16 8 | Southeast Farallon, Cal.*............ 16 7 0 19| n. 65 21 

ran pids, Mich.................. 15 16 23 20, 8. e. South Pacific Coast Region. 

Houghton, Mich.¢ .................... 5 18 9 9 38 1 1 36 n. 47 w. 51 

Marquette, Mich ........ ............. 22 17 17 20 «on. 81 w. 6 | Los Angeles, Cal......... ........... 7 21 a) 360s. 68 w. 30 

Port Huron, Mich ..... .............. 13 2B 18 | 8. 27 11 30 1l 1 33) on. 59 w. 37 

Sault Ste. Marie, Mich...... ......... 13 13 29 20 | e. 9 San Luis Obispo, Cal. nbeesessg@aserd 22 4 7 32) n. 72 w. | 26 

cago, Ill............ sas 10 17) 24 22) s. be. 7 } 

Milwaukee, Wis... 17 13 2600 on. 45 w. 6 West Indies 

Green Wis 16 22 21 | 18 8s. 2e. 7 Grand Turk, W.L¢ 6 1 28 0) n. 80e. 28 

Duluth, 30 5 28 19 | n. 20 e. 27 San Juan, Porto 1 12 | 56 8. We. 57 
53——_-6 * From observations at 8 p. m. only. t From observations at 8 a, m. only. 
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—Accumulated amounts of precipitation for each 5 


‘all equaled or exceeded 0.25 in any 5 minutes, or 


minutes, for storms in which the rate 
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‘otal duration. 
j ad 
To— 358 
& 
a.m. | 1.79 | 
p.m. 0.62 
1.11 
p.m. 0.65 
p.m 
p.m 
p.m 
N. 
| 
| 
l 
| 
N 1 
! 
46 
16 
11 ( ee 
12 
46 
40 
( 
0 
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I 1 70 
f 
0 
| 
- 
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p. m. 
a.m 
a.m 
a. m. 
{ } p. m. 
Pp. ole 
ja. m. 
{ p.m, 
a.m. 
p.m. 8 
| p. m. 9 
p. m. 1.34 | 1.68 | 1.88 | 2.02 | 2.20). 
a.m. p. m. OSB | OOD 
a.m 3.14 3.67 4.01 4.32 474 
p.m. 0.66 0,82 0.99) 1.11 |. 
a. m. 0.89 | O.95 
Rosh, Ask........| a. m. 0.63 0.69 | 0.78 0.78 0.84 | 1.02 
Do... m pm. 8 m.| 0. 09 
ees m. m.| 2 m.| 0. 34 
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TABLE IV.—Accumulated amounts of precipitation for each 5 minutes, etc.—Continued. 


Total duration. 


: 


- - - . 


2 


“2 


. . . . 


Avavust, 1906. 


Marquette. Mich. 

m Tenn 
Milwaukee, Wis...... 
Minneapolis, 
Montgome a... 

Weather, Va. 
New Orleans, La. 
New York, N. Y 
Norfolk, 
Do 
Wash .. 
kla.... 


Mount 

Nantucket, Mass 
Nashville, Tenn..... 
New Haven, Conn. 


Va. 


Peoria, Ill... 


Tex. 


ebr... 
Parkersbu 


Omaha, N 
Palestine, 
Pensacola, 
Philadelphia, Pa..... 
Portland, 

Richmond, Va..... 
Rochester, 


gio Fx 


Sacramento, Cal. 
St. Louis, Mo 
St. Paul, Minn 
Salt Lake Cit 
San Antonio. 
San Diego, Cal... . 
Sandusky, Ohio .... 
Do 
kane, Wash 
m.. 
Spri ld, 
ngtie 
Syracuse, N.Y 
Tam 
Taylor, Tex. .. 
Ga.. 


@ 


Toledo, Ohio .. 
Kans.... 
Valentine, Nebr.. 


Yankton, S. Dak .. 


Wilmington, N. C. 
Wytheville, Va.. 
San Juan, Porto Rico .. 


Wichita, Kans .. 


Self-register not working 


=35 


Excessive rate. : 
| | 2 | 30 | 35 | 40 | 45 | 50 | 60 | | 
| | | | | | | | | 
eee m.| 3:35 p.m. p.m. 0 
m.| 4:00 p.m. 1 p.m, { 0 0.18 | 0.20 | 0.39 | 0,82 | 1.32 | 1.48 
bed m.| 6:25 p.m.) § p.m. { 0 1.25 | 1,81 | 2.28 | 2.58 | 2.73 | 2.89 | 3.06 | 3.63 8.74 jo. .eesleceees 
m.| 2:20 p.m.) 1 p. m. 0 ©. BD | cle 
p.m. 0.37 | 0.49 | 0.72 | 0.94 | 1.09 | 1,09 | 1.11 | 1.84 
m. | p.m. ( 0 0.41 | 0.53 | 0.68 | 0.76 | 0.81 | 0.86 | | 
m. a.m. 0 0.38 | 0.58 | 0.69 | 0.88 | 
wee m. p.m. 0 0.25 | 0.31 | 0.44 | 0.49 | 0.58 | 0.69 | 0.74 | 0.85 1.00 
m. p.m. 0.66 | 0.98) 1.15) 1.24 1.28 | 
—_ m. a.m, f 0 0.27 | 0.30 | 0.35 | 0.53 | 0.74 | 0.87 | 1.03 | 1.45 | 2.12 | 2.65 | 3,27 = 
m. | p.m. 0 0.22 | 0.28 | 0.42 | 0.48 | 0.56 
m. p.m. 0 0.53 | 0.57 | 0.63 | 0.73 
oerr m. p. m. { 0 0.37 | 0.46 | 0.62 | 0.70 | 0.72 | 0.79 0.80 | 1.18 |......).....4) 40. 
5 m. 5:56 p.m. 0. 1 cece 
ol: af. | 1 0.32 | 0. 0. 64 | 0. 
| i 0.82 0.87 | 0.41 | 0.43 | 0.46 | 0.50 | 0.57) 0.68) 0.75 0.90 
"0.49 0.66 | 0.79" 
0.47 | 0.51 | 0.55 | 0.66 0.70 0.71 1.11 | 1.31 
cove 2 1,74 | 1.98 | 2.12 | 3.16 | 2.22 
owen 1 1.08 | 1.26 | 1.88 |... 
By 
0. esses loveces Meee’ 
0. 
2. 0. 27 0.83 | 1.14 1.51 BR. 75 
| | 0. 66 | 1,51 | 2.06 2.32 B.... 
Vicksburg, Miss | ) 0. 66 sewer e 
ashington, D. C . 66 
0.79 | 0.90 | 0.97 | 1,80 | 1.73 | 2.10 | 2.30 | 2.48 |..... eavece 
-| 15-16 | 0.68 0.95 1.28 168 | 1.87 
‘| 23 dD. N. 8 2. 63 | 0.98 | 1.18 | 1.29 | 1.42 | 1.56 
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TABLE V.— Data furnished by the Canadian Meteorological Service, August, 1906. 
Pressure, in inches. Temperature. | Precipitation. | Pressure, in inches. Temperature. Precipitation 
z a a : : 
| | | 
| Ina. o | © | Ins.| Ins. Ins. Ins. Ins, | ° | Ins, Ins. Ins. 
J | 29.72 | 29.85 |—.11 | 57.8 — 20/649) 50.7 243 Parry Sound, Ont..... 29.32 30.00 +.02 68.8 +53 79.4 581 451 41.79. 
Sydney, BI 29.90 | 29.94 —.01/ 65.8 +25 75.2 56.4 263 —0.99 Port Arthur, Ont...... 29.29 30,00 +.04 61.5 710 520 234 —O41 
alifax, N. 8. (29.90 | 80.00 +.04 66.8 + 3.2 76.7 56.8 1.52 —2.83 Winnipeg, Man ....... 29,14 29.96 +.02 1.7 77.1 1.33 > 
rand Manan, N. B 29.91 29.96 65.3 +38 740) 56.6 114 —2.52 Minnedosa, Man ...... 28.16 29.9 .00'63.6 442 76.4 50.9 O75 —1.35 
Yarmouth, N.8 29.95 | 30.02 |+.05 | 61.5 + 1.8 69.4 58.6) 1.08 —293 Qu’ Appelie, Sask ..... 29.91 —.02 63.8 +23 77.2 50.5 0.64 |—1.00 
29.92 | 29.96 }4.02 | 67.1 +28 75.4 587 1.47 —2.27 Medicine Hat, Alberta. 27.62 29.86 —.06 67.3 + 1.6 81.7 53.0 216 |+0.49 
tham 29.90 29.92 |—.01 68.8 + 5.6 81.7 55.9 813 | Swift Current, Sask... 27.42 29.94 65.0 + 1.0) 787) 51.2 1.64 —0.27 
29.90 29.92 |+.01 | 58.4 +28 67.3 49.6 29 —0.15 || Calgary, Alberta ...... 25.46 29.94 +.08 58.5 +01) 740) 45.0 3.00 +0.86 | 
29.65 29.97 66.5 + 3.4766 56.4 3.18 —0.65 | Banff, Alberta ..... 25.44 29.97 4.06 85.6 —0.7) 70.2 41.1 226 —0.27 
29.78 29.98 43 77 62.7 | 1.45 —2.12 Edmonton, Alberta... 27.65 29.90 |—.02 60.0 + 1.2) 74.0 46.0 0.81 
29.89 | 29.99 |+.08 | 67.0 + 3.8 79.3! 546 1.81 —1.14) Prince Albert, Sask.... 28.33 29.87 |—.05 59.9 + 724 1.13 —1.02, 
29. 70 | 30.00 |+.02 | 69.6 +26 77.7 145 —0.93 Kamloops, B. C..... 23.67 29.86 —.05 70.8 +22 859 558 T. —1.09) 
29.62 | 29.98 —.01 71.8 + 5.8 812 62.6 1.83 —0.93 Victoria, B.C... ........ 29.90 29.99 —.02 62.3 43.6 72.9 51.7) 0.53 —0.07) 
(98.72 30.01 60.8 + 44 748 46.7 205 —1.25 Barkerville, B.C....... 25.78 30.08 +.18 52.7 —36 649 40.5 1.30 —1.80. 
29.95 29.99 71.7 + 5.8 80.7) 62.7 7.02 amilton, Bermu 30.00 30.16 +.06 80.4 +08 851.9 74.8 446 —1.62) 
29.31 30.01 +.02 | 69.384 5.5 781 60.5 1.78 —0.47 Dawson, Yukon ....... 54.0 67.8 40.2 1.46 ....... 
TaBLE VI1.—Heights of rivers referred to zeros of gages, August, 1906. 
=e Highest water. Lowest water. § zg ig Highest water. Lowest water. 
| 3s Height.) Date. Height, Date. Height, Date. Helght, Date 
Miles. Feet. Feet.| Feet. Ke . Miles. Feet, Feet. | Feet. Feet. | Feet, 
14-21 25) 0.3 Glenville, W. Va....... 3.0 16 0.0 7 #19) 30 
Creston, W. Va. 3 20 5.6 9 1.8 46 33) 43 
2.5 7,% 1.7 19-21 21) 0.8 New-Great Ki 
Radford, Va............... 213 «11.0 2 86.6 26) 104 
7 9; 65 9; O38 2.5 62) Hinton, W. 8.1 3%, 23 10; 35 5.8 
| on, W. Va......... 58 30 11,2 31 5.5 2%; 7.1) 6&7 
5 2,3; 65) 3031 10> 1.0) Scioto 
19 1.4 17-19 30, 31 0 | ©7 | Columbus, Ohio .......... 10060 «17 5.7 24) 41517/ 32) a3 
2 618 8) 6&8 5 65) 26) Falmouth, 30 18 31,29) 34 
Abilene, Kans.............. 277 2.6 1 03 26 «1.1, 23 | Dayton, Ohio.............. 7 «6188.0 9 07 7/16) 28 
Manhatian, Kans.......... 7.2 8) 80) 44) 42 Re 
Topeka, Kans 87 «621 | «(12.3 5| 63 31 6.0 | Jackson, Ky............... 237 68 16; 48 (37,2627) 52) 20 
Fort Benton, Mont ........ 2.285 12 0.7 1,2 0.0 18-21 0.3) (0.7 Wabash ‘ 
Wolfpoint, Mont..........| 1,962 —@2 20-23 —1.1/| 1.4 || Mount Carmel, Il......... 7% 29,30 «0.8 6-11/ 24 
smarck, N. Dak. 1,309 «4 37 31 06 29 21) 31 Cumberland River. 
Pierre, 5. Dak..... 45 10 1.5 31 29) 3.0|) Burnside, Ky.............. 518 1 2.6 23/40! 7.6 
Sioux City, Iowa.......... 734 13 7.3 31 8&6, 28 || Celina, Tenn............ 383 38 30 61) 7.8 
Omaha, Nebr... ........ 9.3 16 8.0) 24,25 8&7) 1.3) Carthage, Tenn............ 308 5.0) 5.8 
| St. Joseph, Mo .... 41 382 27 48 Nashville, Tenn........... 193 40 12,7 4; 92 14,16| 10.2) 35 
Kansas City, Mo........... 21 | 13.4 9.0 60 11.2) 44 || Clarksville, Tenn.......... 16 17,1825) 6.9 
Glasgow, Mo...............| 18) 14 7.0 31 8.5) 27 Powell River. 
Boonville, Mo. ............. 199 20 14.0 13 10.2 2-4 120) 38 || Tazewell, Tenn............ HH 20 7.0 17 0.8 16/| 1.8) 6,2 
122 14,27; 98 24 105 29 Clinch River. 
Minnesota River. rs Ferry, Va........... 156 20 51 16 0.6 30) 2.0 4.5 
Mankato, Minn............| 127 18 7.7 29, 30 4.1 &6 inton, Tenn ............. 120) 18 5.6 11,12) 7.6 64 
St. Croia River. South Fork Holston River. d 
8.0 31 6.1 63) 29) Bluff City, Tenn. .......... 12 8&4 15 1.2 2) 20 22 
Chi Wis. % 45 25 1.0 1.9) Teams 5.1 30 «25 911,13) 2 
ppewa Wis....... | Rogersville, Tenn.......... 6 
Red Cedar’ River. French Broad River. 
Cedar Rapids, Iowa....... 7 5.0 12 a3 5,6 3.8 1.7 || Asheville, N.C............. 144 4 3.2 31 0.1 12,13) 1.0) 31 
i Des Moines River. vale, Tenn | WLS 7.0 30 1.3 | 25) 6.7 
Des Moines, Iowa ......... 205 19 5.5 15 1.8 5&9 3.4) 3.7 Little Tennessee River. | | 
River. McGhee, Tenn............. 7.2 39| 1213) 48) 38 | 
La Salle, 197 127 11.2) 1-8,6-8 116) 1.5 Hiwassee 
135 8.5 30, 31 7.1 1 Charleston,Tenn ......... 31 1.6 4 «3.9 | 9.1 
21)—08 5,6 04 2.8 |) Knoxville,Tenn.......... 635 12 9%8 31 21 12,13/ 42) 7.7 
64 7 5.8 20 08 6 23  5.0)) Kingston, Tenn............ 556 25 8.5 31 2.9 3 45 56.6 
Allegheny River Chattanooga, Tenn......... 4.7 7.0 5.0 
4) 11,12) 21,22 0.6 || Bridgeport, Ala ........... 24 6.6 3; a2 5.0, 
Franklin, Pa .............. 2.3 21 0.2 6 6.9 21 || Guntersville, Ala.......... 4) 4) 84 53 
Parker, Pa. 2; 381 21 0.2 46 1.2) 2.9 || Plorence, Ala.............. 25 16 6.2 5; 34 46, 28 
Freeport, Pa. 20, 90 22 1.0 5,6 3.9 80 || Riverton, Ala.............. 225 2% 101 «6.0 17| 7.6) 41 
Sprin Pa 17 #127 22 5.9 5 8&3, 68 || Johnsonville, Tenn........ % 21 9.3 1 5.8 18,19| 7.2 85 
heat | Ohio River. 
Rowlesburg, W. Va........ 4 42 10 1.6 6 24) 26 Pittsburg, 11 3.6 6.0) 5.9 
Youghiog: River. Davis Island Dam, Pa.. . 960 25 10.7 1! 2.6 8.4) 5.5) 8&1 
Confluence, Pa............. 8.0 0.5 1,2 20 7.5 Beaver Dam,Pa........... 95 27 15.6 11 3.2 4,7| 124 
West Newton, Pa. ......... 1 8623) 1.7 00 2.8 11.7 | Wheeling, W. Va.... 87 28 5| 2.1) 125 
Me River. Parkersburg, W.Va........ 785 8636 14.0 13 3.2 7,8) 7.9 10.8 
w 16118 04 10,28 | — 0.6 6,7 1.0 Point Pleasant, W. Va..... 708 39 14 3.8 10.6 
Fairmont, W. Va ......... 119 163 11) 14,3. 47 15.2 2.0 || Huntington, W. Va. 660 14, 6.9 6/122 11.2 
| 18 9.8 il 6.8 | 6.7 80 3.0 | Catlettsburg, Ky... 651 50 17.9 15 8/115 12.3 
Lock No. 4, Pa............. 2 10.8 11,12 7.5 90,31 8&7) 33 Portsmouth, Ohio. 612 50 72.3 7,8 128 114 
Ellwood Junction, Pa. ..... 6.7 26) 41 | Cincinnati, Ohio... 17 9.0 9,10 144 11.9 
River. Madison, Ind .... 413 18 8/124 8&9 
Zanesville, Ohio........ 70| 10.7 24 7.9 57 92 28 | Louisville, Ky..... 367-8 8.0 18,19 59 41 
Beverly, Ohio.............. 2! 85 21 4.5 8 6.4 Evansville, Ind......... 8615.3 6.9 11-18 10.7 8.4 


| 
| 
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TABLE VI.— Heights of rivers referred to zeros of gages—Continued. 
2% | | > | & | 
Highest water. | Lowest water. | ag 84. Lowest water. 
BR Height, Date. eight Date, | =° Height Date, Height.) Date. | 
| 

Ohio River—Cont’d. Miles.| Feet. Feet. | Feet. | Feet. Feet. North ——¢ i Miles. | Feet.| Feet. Feet. Feet. Feet. 

- Mount Vernon, Ind ....... 148 35 14.2 21 «6.8 11,13 99 7.9 | Binghamton, N. Y......... 183 16 3.5 29 1.9 19,20; 2.8, 1.6 
Paducah, Ky.......-......- 47) 40) 128 72.8 13-15 10.2 0 | Towanda, Pa.............. 139 16 2.6 9} 07 15) 

1, 4 20.7 1) 16.8 12,13 184) 4.4 | Wilkes-Barre, Pa.......... 60; 5.0 28 2,21; 37 22 
} || West Branch Susquehanna. 
104) (17 26-28 1.9) 10, 11 | 3.0 2.6 Renovo, 9 | 5.0 12} 05 23/19) 45 
Williamsport, Pa.......... 89, 2) 6.8 12 1.2 3/23, 46 
22 7.4 9 10 881) 23 64. Susquehanna River. 
22; 10 £29 11.1, 22,26 «2.8 Harrisburg, Pa............ 69, 17 3.7 18 1,6 8,20; 23, 21 
184, 2 61 25-2831 1.9 5.5 Shenandoah River. 
3; 22 16.0 (10.9) (11.9) 5.1 || Riverton, Va.............. | 88] &5 30) 0.5 1-16, 0.9 4.0 
| | i River. 
10 14.0 7 29) 2380) 45 Cumberland, Md... 290 2.2 24 i 4.6 4.8 
| Harpers Ferry, W. Ya..... 1; 6.1; 290 
67; 12) 92 | 2.8) 64/| James River. 

| Buchanan, Va............... 305 12 4.6 2.3 5,6) 35, 23 
Calicorock, Ark .......---- 272 15 4 0.7 6-8 38 87. Lynchburg, Va..... ...... 260; 6.0 0.8 24) 5.2 
Batesville, Ark.......-...- 217. «18 25) 8 5.9 85 lumbia, 167; 18| 11.6 18 4.0 71 68! 7.6 
Newport, Ark.........-.... 185 26 14.5 5,16 25 8,9 7.7 120. Richmond, Va............ 111 | 12 3.3 30 0.3 5| 14) 8.0 

Clarendon, Ark. ........... 75 | 30 19.6 3110.0 10,11 15.2 9.6) Ri 

Arkansas River. | Danville, Va.............-. 55) 8 5.8 17 0.2 12) 1.3) 5.6 
Pueblo, Colo ..... .......- 13340 10s 6 24 3.0, 2931, 32 06 Roanoke 
Wichita, Kans............. 882 10 0.4 12) — 1.0 29 —0.3 1.4. Clarksville, Va............ 19% | 12 7.6 18) 0.5 8.3) 71 
Tulsa, Ind.T...............| 551, 16| 7.6 34! 22,93| 46  42/| Weldon, N.C.............. 129; 80) 87.2 20 | 10.0 13 | 20.2 27.2 
Webbers Falls, Ind. T..... 65 28 144 11 6.2 23,2431 86 8.2) Tar River. 

Fort Smith, Ark........... 403 22 | 19.2 6.8) 24 | 10.6 12.4 | Tarboro, N.C. ........... 46; 2) 221 23 3.0 10) 11.2 19.1 

Dardanelle, Ark........... 260 10) 1,8 10.4 12.0 Greenville, N.C. ......... | 15.8 24 3.6 13; 99) 122 

Little Rock, Ark.......... 176, 18.5 11,12; 7.8 9/114 11,2) Haw 

Pine Bluff, Ark........... 121 23 | 20.6 13.8.6 10 13.8 11.0 | Moneure, N.C............. | 171| 25) 188 31 8.3 11,12 | 11.8) 10.5 
| | Cape River. 

Ye River. Fayetteville, N.C.......... 112 38 40.5 30 5.0 11/}17.7)| 36.5 
Greenwood, Miss .......... 17%5| 38) 95 1 27 24 4.4) 6.8 Waccamaw River. 
Yazoo City, Miss.......... 28,29) 1.8) 7.7 | Comway,S.C............... 40; 7 6.4 5,6) 5.0 58) 1.4 

Camden, Ark.............. 304 20.8 3) 56.8 27 15.0 Cheraw,S C.............., 149] 27| 27.6 31 3. 11,12 | 12.7 24.6 
Monroe, La .... .......... 8) 39 31 «8.6 11.0 Smiths Mills, 8. 51} 16| 143 9-12/| 10.0 19/129 4.3 

Red | Lyne Creek. 

Arthur City, Tex.......... | 688 2 | 23.0 13; 9.0 31 14.0 14.0) Effingham, 8.C............ 12] 11.0 4,5 5.2 7.6 6.8 
| 515) 27.4 18; 118 9 19.3 15.6) Black River. 
Shreveport, La...... ..... 827) 29 (15.4 22,23) 5.4 11,12 11.2 10.0 Kingstree, 8. C............  45| 12] 10.1 4 6.2 16-18 | 7.9) 3.9 
Alexandria, La............ 118| 88 18.5) 26,27 7.9 1,15 13.7 10.6 Catawba-Wateree River. 

Missi Rivers | Mount Holly, N.C........ 143; 15| 9.0 30 1.8 31 7.2 
Fort Ripley, Minn......... 2,082, 10 830) 47 2,22 5.4 1.8 Catawba, 8. 107; 11) 15.4 31 23 11 | 5.2) 181 
St. Paul, 1,954 148.4 31 5.3 6.6 31 Camden,8.C............... 54) 27.1 31 7.3 19, 8 
Red Wing, Minn ........ 1914 14 5.8 31 3.6 7,8| 2.2) Broad River. 
Reeds Landing, Minn...... 1,884, 12 5.5 31 3.4 7,8| 2.1 Blairs, & C................ 36) 140 3 1.5 41 12.5 

Prairie du Chien, Wis.....| 1,70; 18) 66 5.1 5.5 1.4 Chappels,S.C.............. 56) «16.0 3| 3.0 18 | 6.7 13.0 
Dubuque, Iowa ........... 1,699 18) 6.5 16| 6.7! 1.4|| River. 
Clinton, Towa 1, 629 16 6.8 49 16,17 5.6 1.9 Columbia, 8. C............ | | 12.2 3 1.5 48 15.7 
Leclaire, Iowa .... ....... 1, 609 10 4.5 s 3.1 17,18, 3.8 1.4) Santee River. | 
Davenport, Iowa.......---- 1,593 6.2 8,10) 46 17-19| 5.2) 1.6 || Rimini, C.............. 10) 15.6 7) 10.5 13/130) 5.1 
Muscatine, lowa .......... 1,562 16 7.2 11,12| 5.7) 619,20 6.2 1.5 St. Stephens, 8. C......... 50; 10) 10.0 11 8.3 19,20; 89 1.7 
Galland, Iowa ............. 1,472, 8) 1213) 25 8) 29 1.0) Edisto River. 
Keokuk, Iowa.. ........... 1,463 15 35.8 12,13; 43 6-8| 1.5 || 7% | 6 5.6 36) 42 1| 50) 14 
arsaw,IIl.................| 1,458) 18 8.6 13 7.2 7,8| 7.9| 1.4 Broad River. 
Hannibal, Mo............ 1,402 13) 14, 18 5.1 810 5.9 Carlton, Ga.......... 30; 19 24 12; 58 
Grafton, [ll ............... 1306 6.9 9,10| 7.5) 1.3 River. 
St. Louis, 1,264/ 80| 136 15,1 10.1 7 11.6 3.5 Calhoun Falls,S.C......... 347) 6.6 2 8.0 | 10,1218 41) 3.6 
Chester, Ill ...............- 1,189 30 | 11.3) 90) 6,7,26/ 10.0 2.3) Au 19.5 1 8.7 12,13 | 12.3 10,8 
New Madrid, Mo........... 1,008 34 > 17.3 1| 134 12-14 15.0 3.9 Oconee River. 
95) 10.5 1 6.5 13,14 8.0. Milledgeville,Ga.......... 147| 11.8 17 3.4 12| 69, 7.9 
Memphis, Tenn ........... 843 83) «(14.9 1} 10.2 15,16 | 11.8) 4.7 || Dublin, Ga................ 79 | 30 8.9 4 1.4 13| 47| 7.5 
Helena, Ark......... ..... 767 42 20.4 2 14.4 16,17 | 16.6 6.0 Ocmulgee River. | 
Arkansas City, Ark........ 685 42) «24.3 188 11 | 21.7! 5.5 || Macon, Ga................ 203; 18| 11.2 15) 30 12| 5.9 | 8.2 
Greenville, Miss............ 42. 19.7 15.2 12/ 17.6, 4.5 | 8.0 5| 3.8 15,16 | 6.4 4,2 
Vicksburg, Miss........... 474, 45) (21.2 4,5| 16.5 13/189 4.7 Flint River. 

Natches, Miss 46) 229 6| 189 14,15 20.9 4.0 | Woodbury, Ga.............. 10) 5, 16 0.6 29 

Baton Rouge, La........... 142 112 15,16 | 12.6 3.0 || Montezuma, Ga........... 152} 20 8.0 9,31 4.1 60 39 
Donaldsonville, La .......- 188 28 9.6 8 7.7 |1,2,15,16| 8.6. 1.9| Albany, Ga................ 9} 20| 62 27 32 7,17| 48) 3.0 
New Orleans, La........... 6.5 9; 55 6.0, 1.0 | Bainbridge, Ga......... 29; 22| 92 i 5.6 24/68 3&6 
Atchafi River. River. 
Simmesport, La. .......... 33| 183 7,8) 1.0 15| 17.0) 3.3 || Oakdale, Ga ......... .... 18) 120 21 3.4 5.1 &.6 
Melville, La............... 21.8 18.9 15 20.6 West Point, Ga............ 239 20 8.2 15 3.6 11,27| 5.2 4.6 
Morgan City,La...........) 19 8) 46 30 3,6,15,17. 3.6 1.6 || Eufaula, Ala.............. 40) 16.5 23 4.0 11,12 8.0 | 12.5 
River. 4 Alaga, Ala. (*)............ 30; 146 17 6.2 90) 84 
Gand 38) 2.1 12 1.3 3,7 1.6) 0.8 
us 
Tiffin, Obio................ 6| 8| 12 11| 03 |4-6,17-22| 0,9 || BOme 7] 41) 8.4 
ticut River. . Gadsden, Ala.............. 162 | 22 7.5 1 3.4 48) 41 
Hartford, Conn.......... 16 57,9 1.3 20 2.6 21) Lock No. 4, Ala. 6.4 1 2.8 42) 36 
Wetumpks, 12) 45) 15.5 15| 6.6 26,27/ 10.0 8&9 
Mohawk River. River. 
Tribeshill, N. Y..... 42; 06 31 | — 0.6 17,18 0.0 1.2. Milstead, Ala.............. 42} 35| 15.3 15 27 25) 5.4 12.6 
Schenectady, N. Y......... 19; 15) 1.38 89, O04 820 0.8 09) A River. 
Hudson River. Montgomery, Ala........ 323; 35) 129 16 4.0 27| 7.4) 8&9 
Troy, N. Y........... 14) &2 — 0.4 19 24 3.6 Selma, 246 85) 15.0 17 5.0 28 10.0 
Albany, N. Y.............. 147| 12; 7,8,23 1.0 13 3.1 38.6 Black Warrior River. 
Pompton River. Tuscaloosa, Ala............ 90 43) 18.5 16; 63 94 12.2 
Pompton Plains, N. J...... 6 49 4 3.8 19-244 Tombigbee River. 
Passaic River. Columbus, ties 88) —1.1 16 — 2.8 10,11 1.7 
Chatham, N.J........ 3.7 26,3031 29 1.4. Viemma, Ala............... 42 3.6 8 1.6 22) 20 
Lehigh River. 16.20.21 Demopolis, Ala. 168; 35) 93 18; 06) 28,29) 37) 87 
Mauch Chunk, Pa......... 45 15 4) 42 ; 44° 0.8 Pascagoula River 
Schuyibilt River. Merrill, Miss. .............. 7% | 2| 48 18 1.6 31/29! 332 
Reading, Pa............... 12) 3&7 4) 01) 12 06) 26) Pearl River. | 
River. Columbia, Miss............ 44 38 1.0 
Hancock (E. Branch),N.Y.| 269 12 4.7 28 2.8 17-20' 3.3) 1.9) ne 
Hancock (W.Branch},N.Y. 269 10 4.6 26 19 33 2.0. Logansport, La...... 25) 188 3} 42 17| 86 141 
Port Jervis, N. Y.......... 204 1.9 29 0.1 19-21 0.9, 1.8) eches 
Phillipsburg, N. J... 142| 26 31 4; 08 20 1.8 | 2.3 Rockland, Tex ............ | 105 | 5&3 2); 26) 53 
27 5,6 1.2 22,23 «18! 1.5 1810 1.8 9) 07 41 


. 

- 
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TABLE VI.— Heights of rivers referred to zeros of gages—Continued. 
| | ss | 
Highest water. Lowest water. | Highest water. Lowest water. 
| | 
| 4 | : Stations. 3 
| Date. Height, Date. Height Date. Height | Date. ss 
Feet, Feet. | Peet. | Beet. Feet. Red River of the North. Miles. Peet. Peet. Feet. | Feet. q 
23 861415, 54 31 12.8 23.9 Moorhead, Minn.......... | 6 104 7 1.0) 1.1 
10 20.8 16.8. River. 
2 «7.4 $1 | 11.3 6.0 Bonners Ferry, [daho..... 123 7.8 12, 381 43 
145 10 10.3 «42! River. 
Newport, Wash. ........... 1 Of 21 
8 10 27 46 
«10.8 6.7 | | 
120 4 3.6 31 | 5.4 8.4 Lewiston, Idaho .......... “4 12 -03 2931 23 
20 31} 6.5 11.1 Riparia, Wash......... 23) 3) «(04 L3| 1.9 
6&7 916 41 2881/46 16 
| 1-4, 20- Wenstches, Wash” 473840 20.8 1 118 31 15.6) 9.5 
enatchee, 
Austin, Tex.............. 24 | 18) 195 7-9 | 5.7 17.1 The Dalles, 166 4014.0 1 66 31.9.9) 7.4 
Columbus, Tex. 98 7.6 8/146 2.9 | 
River. | 
Victoria, Tex 6 2 06.8 20,30) 1.3 1.0 12 1 7.5 2 85 27,2 4.0 
io Grande River, Sacramento River. 
San Marcial, N.Mex....... &9 1 7.0 25| 7.9 1.9 Red Bluff, Cal.............. 21 414 1-4 90,31 1.2) 07 
El Paso, Tex... ...........| 1,080, 14 96 5 61, 20,28) 73 Sacramento, Cal............ 86120 23 «8.8 31 10.4) 32 
| 
(*) Ll day missing. (¢) 3 days missing. 
Honolulu, T. H., latitude 21° 19 north, longitude 157° 52 west; barometer above sea, 38 feet; gravity correction, —0.057 inch, applied. August, 1906. 
Pressure.* Air temperature. | Moisture. | Wind. | —— Clouds, 
8am 8p. m. 8a. m. 8 p. m. 8a. m. 8p. m 
1 | 30.03 30.08 80.0 78.1 «75 70.0) 61 | 70.8 70 e. 3 | ne. 8 0.00 6.00 5 | cu. cu e. 
2 30.06 90.06 79.0 780 84 4/724) TH 62.0 68 | | s8icu fe. | 6 | Cu. e. 
90,08 90.05 80.2 77.0) 84, 74/682 54 700. | 17) me 0.00 0.00) |e. | | 
90.05 | 29.97 78.0 76.0) 83 67.8 70 ne | 10 ne 10 0.01 T. fe | 
99.99} 29.99 77.5 79.0) 88 72 710 72/710 68) ne | me. 12 T. Cu. e. Cu, e. 
29.99, 780 7.0 725) We | 0.08) | Cu. e. e. 
30,04| 30.02/79.7 73.0 8 4/722 74 72.0 75 me 8/005) 1 | Cu. e. 
| 80.01) 29.98) 79.0 788 84) 75 73.0 75 | 70.8 68) ne. | sine |} | 5 | Cu. | few. Cu. e. 
80.01} 90.01 77.2 75.0) 69.5 68) 71.0 82 | ne, | 9 | ne. 10 0.00 0.02 Cu, e. 3 1 
29.98 79.0/ 77.0, 73/720 71/620 | aw. 0.05 0.00 0 0 
30.02 | 29.99 785 77.0 84> 74 70.0 66/710 74) ne. 10 ne. 0.00 Ca, e. 10. e. 
29.98 | 29.97' 79.0 77.0 8 74/720 71/700 71 ne. | e. 4c. fe. ‘few. S..cu. ne. 
29.98 | 29.96, 76.01 77.8 84, 74/710) se. 6 | ne. 8000 T. Cu. e. 00 0 
99.96} 29.96) 80.0 77.0 74/700 61/690 67 se. | ne. 8 Cu. 0 
| | | 
| 29.92 | 7.0) 77.0! 75 | 69.0 | 70.0 10 | ne. 6 600/000 2 Cu. e. | 0 0 | 
| 29.98 | 29.98 | 78.0 73 | 72.0) 6 700 67 8 | ne. sj r.jeos 00 0 
| 29.96 | 29.96 | 80.0 78.0 | 70.3 62 70.0| 67) ne. 5/0.00| T 11a je 1 Cu. e. 
29.98 29.96 81.0 78.0. | 7% 70.0 58 71.5) ne. | Bile le | 
80.00 | 29.98 79.8 77.2) 88 75 57 GR2| ne, 7 ne 0 00 T 00 0 
2 29.99 29.96 780 77.0 84 72/720 67 ©. 9 6/006) 000 7 
| | | | 
28 | 29.98 29.97 80.0 77.2) 88) 72 7.0 68 5 | a. few. e. 
90.00) 29.98 80.0 77.2 84) 74 700° 6.0) e | 6) [00° Cu le Cu. e. 
(99,98 29.97/78.0/ 77.0 82) 73/682 69.0) | ime | 1 Cu. e. | 0 
90.00 | 29.99 79.4 77.0 88 75 69.0) 59 680) 6 ne | 4 me §=15 0.0000 1 Cu e. 1 Cu. 
29.96 | 2.94 | 79.0 77.0, $4) 74/685) 58 | ne 1 | 0.00 | 0.00, Cu. e. Acu. | se. 
| 29.98 79.0 780, 84) 74/70 64/620) 100 002/00 38 Cu. e. | Cu 
90,02 | 90,02 | 79.5 76 69.0, 58 685| ne. | 10/000 0005 F |e. 
| | | 
Mean....| 29,997 647 | 68.1 | ©. ne. 87 0.51013 43 Cu, e. 2.9 | Cu. 


‘Observations are made at 8 a. m. and 8 p. m., local standard time, which is that of 157° 30’ west, and is 5° and 30@ slower than 75th meridian time. * Pressure values are 
reduced to sea level and standard gravity. 
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MONTHLY WEATHER REVIEW. 


CLIMATOLOGICAL DATA FOR MERZIFOUN, ASIA 
MINOR, FOR THE YEARS 1904 AND 1905.' 
Contributed by Prof, J. J. MANISSADJIAN, Observer. 


In continuation of tables published in the Monruty WearHER 
Review for January, 1903, p. 25, and for March, 1904, p. 118, 
I take pleasure in presenting the following summary of 


1 A similar summary for the year 1908 may be found in the MonTHLY WEATHER REVIEW, 


Vol. XXXII, No. 3 (March, 1904, issue), pp. 117-118; for the 


ears 1892-1902 less com- 


lete records were printed in the Review, June, 1897, Vol. XXV, p. 245, and January, 


Meteorological records of Anatolia College, Merzifoun, Asia Minor. 


903, Vol. XXXI 


1904, 


p. 3. 


Average for the year 


Annual extreme 


1904. 


1905. 


Average for the year 


Annual extreme... 


Air pressure (in millimeters).* 


monthly and annual values observed at Anatolia College, Merzi- 
foun, latitude 40° 51’ north; longitude 35° 31’ east; altitude 


751 meters, or 2464 feet. 


[In preparing these data for publication, the final decimal 
figure which appeared in the table received has frequently been 
increased by one to state the value to the nearest digit, instead of 
the whole digit. Other changes have been made as stated in 


footnotes.—Ebiror. | 


Air temperature (in degrees centigrade) . 


Absolute. Average. 
1:45 _ Absolute Absolute 
Average. | ones | 7a.m. | p.m 9 p.m | } maxi- Date. mini- | Date 
axi- Di- | mum, mum 
men Date. | mum, | Date. | nage 
694.9 699. 0 26 690. 0 12| — 5.3) —39| 6.2. 4.5) 3 
691. 1 698. 3 5 682.8 24 1.5) 3.7 4.3 9.3 | 0.8 110} — 6.0) 5 
690. 7 697.2 682.4; 22) 1.9 240 —0.7 8.2 15.5 16| —4.5 4 
690. 5 696.7 14 684. 0 29 7.3) 126) 7.2 86 14.0) 3.1 10.9 21.5 | 2| —60 17 
691.1 694.9 27 688.4 31 13.5 16.2) 10.9) 412.9) 18.5) 7.3| 11.2 24.5 | 25 0.5 29 
691.2 695.0 17 687. 2 20 19.0 21.0 :15.0 17.5 22.5 10.8} 11,7 28 2.5 3 
689.2 695.9 14 684.0 30 21.1) 23.9 16.7 19.6) 247] 187] 11.0 30, 16 
690.8 694.7 15 685. 1 27 19.8) 243 18.0 20.0 25.3 13.6) ° 11.7 31.5 | 24 | 9.0 16 
692. 4 695.3 10 687. 3 17 14.9 14.1] 916.5 10.2 29.5 5 | 45, 2 
692 2 698. 0 3 688.9 31 10.0 18.4 12.3 13.3 18.6 7.8 10.8 26.5 10| —0.5) 25 
691.8 697. 1 12 682. 2 30 3.0. 7.8 6.8 6.1 8.0 2.0 | 6.0) 145 10, —3.5 | 
692. 2 697.6 8| 683.2 1 —2.4 1.8 —1.0) 0.6 26; —28) 5.40 16) —14.5| 30 
8293.1 8360.2 ....... 9225.6 |....... 102.1 162.4 | 101.7] 117.1) 172.9) 59.8) 1181)! 251.5 |......... | |...... 
691.5 696.7. 685.5 |....... 8.5 13.5 8.5 9.8 4.4 5.0 aa! 
i 
Cloudiness, 0-10, Precipitation (in millimeters). Wind, number of observations with-- 
| | Days | | 
Clear Cloudy M 
gam.) gpm. Aver. days | days | Maxl- Date. | with | more N. | NE.| E. |SE. | | SW.| W. NW. |Calm. 
p.m. age. (less more mum, imm.'| thes | 
than 2.) than 8) | Seam. 
5.2 7.2 39 6 | @ 21.0; 92) 8 | 0 0, 2 4 0 63 
8.6 8.2 7.5 $1; 0 | 55.5 25.0 16 8 7| 6 9 48 
6.5 6.0 4.0 5.5 | 1; § 24.6) 11.0 13 24 7 2 43 
5.5 6.7 5.3 5.8; 8 | 8 93.5 36.5 14 1 S 24 9 0 0 @; 3; 1) 1 56 
2.5 28 30° 16 | 4 62 1 2 | 4 32; 18 1 1; @| 43 
2.9 3.5 15; 13.6) 6 | 1 0 11 42 | 11 23 
2.6 3.6 2.8 30 11 1 31 2 10; 8 5 15 
4.6 44, 3.0 4.0 11 1 87.0 22.0 eT 8; 8| 2 23 
5.4 5.3) 3&8 47| 8 5 30.8 24.0 31 10| 18 2 6) 30 
6.5, 7.8) 59 67; 5 | 14 58.8 18.8 18 Sis 6; 14) 4 4 6 8; 21 4 23 
73; 65) 64) 5 | It 90; 21! 1 1 2] 7] 8} 8] 2] 
62.3 70.5) 90.6 61.0) 98 92 360.0 175) 82) 72, 480 
69) 42) 27 | 0.9 36 126 146 41 2.7 25 5.1) 6.0) 40.0 
Air pressure (in millimeters) ,* Air temperature (in degrees centigrade). 
Absolute. Average. | 
Average. oxi. | p.m. maxi- Date. mini- | Date. 
axi- Mini- y mum mum 
| Date.| num, | Date. Daily.» Maxima.) Minima. range. 
702.5 | 20| 685.2 8) — 4.91 | — 0.12) — 282 | — 2.67 0.79 | — 5.87 | 6.67 9.5 2) 11.5 | 21,28 
703.0 | 25) 687.6 5| — 5.46| — 0.2 |— 3.50 | — 3.18 0,78 | — 5.96 6. 75 7.0 16 | —12.5 12 
694.5 11) 684.5 20 1.64, 7.88) 3.51) 4.18 9. 24 0. 54 8.69) 19.5 27, — 4.5 7 
697.2 10) 680.4 23 7.48) 1268 7.20 1864) 18.95 3.86 10.08) 240 45.0 27 
696.6 9 685.1 21| 18.58) 17.44) 11.74! 13.62] 19.43 7.838 | 11.59/ 25.5 21,25| “0.0 9 
694.0 4, 685.2 13| 16.65) 19.63, 13.96 16.05) 21.93 10.90) 11.08) 25.0 7.5 2 
693.6 2 686.8 21.45; 23.22) 16.80, 19.57| 24.87/| 18.14] 411.73) 30.5 26 «10.0 5 
693.8 | 26 687.6 30; 20.32) 2346 17.06 19.47| 24.40) 18.00! 11.40) 30.5 30 9.0 | 25,26 
697.2 | 7 | 687.6 19 15.66 «20.56 14.51 16,381 | 21.80) 10.61) 11.18) 26.5 1,28 5.0 20 
697.0 686.0 15.75 | 21.90) 17.79 18.31] 22.67 7.50 | 115.17| 29.0 10 | — 4.0 31 
700.38 | 22, 684.3 13) 13.00) 18.33 15,10; 915.38! 18.86 2.53 *16.33 22.0 17,24 | — 3.0 1 
699.2 | 22) 6843 14 1.58 4. 88 2.70) 296 5.86) -~3.30) 916) 16.5 2) —13.0 23 
830009 8368.9 8224.6 |....... 169.60 114. 05 | 128.59 | 184.58 64.78 | "129.78 265.5 |......... f—12.0 
691.67 | 697.41 |.......| 1685.88 |....... 9.73| 1413, 9.50 10.72| 15,38 4.56{ 10.82) 2212 |......... 1.00 | ..... 
July 262 Dec. 
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|| 
1 
2 | 
February 
ay 
June 
July 
Augu 
Septe 
Octot 
Ja0 
March 
September 
Novem ber 
Average for the year. 
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Meteorological records of Anatolia College, Merzifoun, Asia Minor—Continued. 


Precipitation (in millimeters). Wind, number of observations with—* 


Cloudiness, 0-10. 
19085. | | Clear Cloudy | | | | 
ys with 
Aver | days days | | Date. with | more| N. | NE.| E | SE 8 | SW. W. | NW. Calm, 
p. m. age. (less (more mum, than 
than 2). than 8). ah 
| 
January......... oenccretocccese code 6. 22 6. 93 5.45 6.20 3 10 25.5 14.2 6 0 4 20 0 8; 8 6 10 12 1 33 
592) 682 5.64, 613| 38 9 12.0 | as | 19 | 2 3 7) of 4] 8] | 8] 
7.08 5.06, 636) 2 12 $61) 7.1 8 | 2 7 9| 8] 00; 9| 18] 132] 
674) BO! 2 7 32.0 | 98 | | 2 6 8] 2] 6] 25 
7.08 453 5.9 1 6 "42.6 (56.0 16 5 12 “| s| 17] 1] 2] 3] wl 
2.03; &25 1.38 222 18 0 ae] ae |...... o 2] 2] @ 
‘August 1.9 | 232 2116 1.80 2 2 20 20 0 1 | 37] 00] 3] 
September. .... 2.70; 290) 1.96 252 17 0 19.2 5.7 2 0 5 9| 6| 5& 2 3 8 6 28 
4.9 5.9 880 489 6 7 61.6 24.2 0 6 9/ 3; 8) 4] 9| 8! g2 
November 623; 7.16 5.56 632 2 12 17.0 7.1 2 2 4] so] 6) 4] si 8] 
7.61) 641 682 2 13 21 10.6 ¢is 3 17] 7] 3] 4] S| 
Average for the year 5.30) 5.89 4.30. 5.16 1.67 4.58 18.67 12.58 | 8.67 8.17 8.17 | 6.50, 9.88 6.33 27.25 


*As to the reduction to standard gravity nothing is said; presumably the readings are 
reduced to 0° C., but not to standard gravity. (See Vol. 3 XXI, p. 25.) 

Found by formula 1/4 (7a. m. + 1:45 p.m.+9p.m.+9 p.m). Incomputing means for 
the 7o° 1908, the three observations were given equal weight, but not in the years 

receding. 

east. mean temperature at 1:45 p- m, observation in September, 1904,and 21.7, mean 
daily maximum for the month, are discordant. Presumably elther the daily mean, 
16.5, or the daily range, 11.5, is erroneous, 

4 12.6 in table received. 

—0.4 in table received 

‘ Sum, or mean, of the twelve monthly extremes. In the case of the minimum tempera- 


tures for 1905 there is some uncertainty. (See note.“) 

£ 116.6 in table received. 

»* The three observations are given equal weight; therefore this mean is not a value for 
daylight cloudiness, nor yet for the full twenty-four hours. 

! Apparently days on which the precipitation amounted to 1 mm., but did not exceed 

mm. 
12.0 in table received. 
* 60.4 in table received. 


RAINFALL IN JAMAIOA. 


Through the kindness of Dr. H. H. Cousins, chemist to the 
government of Jamaica and now in charge of the meteorological 
service of that island, we have received the following table. 

The rainfall for August was therefore below the average for 
the whole island. The greatest fall, 21.40 inches, occurred at 
Fellowship, in the northeastern division; while the least, 0.97 
inch, fell at Harmony Hall, in the northern division. 


18.83 in table received. 

™ 13.49 ia table received. 

» 16. 01 in table received. 

© 15. 36 in table received. 

» 0. 67 in table received. 

« 11. 85 in table received. 

15. in table received. 

* 16.35 in table received. 

* 9. 14 in table received. 

«5.0, absolute minimum for April, 1905, is manifestly an erroneous figure, for the average 
of the daily minima, 3.86, is less. 4 vy = the valuesof April and May should be trans- 

, or possibly the correct value for April is —5.0, or 

¥ 130, 23 in table received. 

* The wind record for one observation in February, 1905, a rs to be lacking. 

* The Cy ay on June 16, 1905, 56.0 mm., appears to be the test amount for this 
station in one day, not only during this year, but during the full period of which 
records have reached us. The amount for June, 1905, 142.6 mm., seems also unequaled 
in past records of monthly totals for Merzifoun, 

1 in table received, 


Comparative table of rainfall. 
[Based upon the average stations only.) 
AUGUST, 1906, 


| Rainfall. 
Relative Number of 
stations. 


Per cent. Inches. Inches. 
Northeastern division .... . 25 9. 25 8. 88 
Northern division ........ 22 47 4. 38 4.47 
West-central division 26 23 8.41 9. 38 
Southern division ................ 27 5. 87 5. 84 
100 6. 98 7.14 


. 

| 

| 

| 


